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ABSTRACT 
Riparian zones are lands that occur along stream boundaries. These zones vary 
widely in their potential to protect stream and estuarine waters from groundwater nitrate 
contamination. Past research has found that riparian sites with hydric soils (i.e., soils 
associated with wetlands) possess high groundwater nitrate removal potential, while non-
hydric soils appear to have minimal removal rates. Although the presence of hydric 
riparian corridors is a critical clue to watershed functions, they often occur as narrow 
bands that are challenging to map. The potential for identifying these high value riparian 
zones through existing spatial data bases coupled with geographic information systems 
(GIS) has not been rigorously explored. The objectives of my study were to 1) 
characterize the landscape attributes and occurrence of hydric soils along riparian 
corridors of lower (first and second) order streams and 2) investigate the accuracy of 
SSURGO digital soil maps (1: 15,840) to depict the patterns of soil drainage classes and 
occurrence of hydric soils along riparian corridors of lower order streams. My study 
compared SSURGO map data classification to the results of detailed field reconnaissance 
at 100 randomly selected riparian locations in Rhode Island. Soils in the study region 
were developed from stratified glacial outwash, unstratified glacial till, organic deposits 
and recent alluvium. 
Each site consisted of three transects extending 30 m orthogonally from the 
stream into the riparian forest. At each site I documented selected field attributes, 
including the slope of the riparian zone, hydric soils width and presence of seeps. I also 
located each site on the SSURGO coverage and recorded the soil map unit classification. 
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Median hydric soils width ofriparian sites for the study area was 11.9 m; 
however, the width of hydric soils in the study area was highly variable (interquartile 
range: 28. lm). Stratifying the data by slope class created a marked change in variability. 
Mean hydric soils width varied significantly at the p _:s 0.5 level, with slope class. Within 
the 0-3 % slope class 83 % of sites had hydric soils widths > 15 m while most of the sites 
in the other slope classes had hydric soils widths < 7 m. 
I examined the capacity of SSURGO hydric and geomorphic map categories to 
explain the variability and measures of central tendency in the field measurements of 
hydric soils width. The SSURGO soil survey data base appears to recognize the 
importance of hydric riparian soils, in spite of their narrow nature, and provides map 
users with valuable information beyond what might be expected based on map scale. 
Over 85% of riparian sites classified as organic/alluvium and outwash-hydric had 
groundtruthed hydric soils widths > 10 m. These sites did not contain groundwater seeps 
suggesting a high potential for groundwater nitrate removal. In contrast, over 85% of 
sites classified by SSURGO as nonhydric contained < 5 m of hydric soils, minimizing the 
capacity of these riparian zones for ground water nitrate removal. Sites classified by 
SSURGO as till-hydric showed high variability in hydric soils width and over two-thirds 
of these sites had groundwater seeps. Only 14% of the till-hydric sites were found to 
contain both an absence of seeps and > 10 m of hydric soils, suggesting a low potential 
for groundwater nitrate removal. 
Adding high resolution field slope data to the SSURGO hydric soils designations 
increased the overall map accuracy to characterize the occurrence or absence of hydric 
soils. By combining SSURGO with improved topographic spatial data, we may be able 
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to improve the mapping and identification of riparian zones with high groundwater nitrate 
removal potential. Even without improved topographic data, SSURGO holds promise for 
the identification and management of high value riparian zones. 
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PREFACE 
This thesis is organized into the manuscript format as described in the guidelines 
on thesis preparation of the URI Graduate School. The body of the text is divided into 
three sections, corresponding to the format of journal articles. The appendices contain a 
literature review of related topics, all pertinent field data, and a complete bibliography. 
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INTRODUCTION 
Riparian zones are important areas on the landscape. They are functionally 
defined as areas where energy and matter are exchanged between terrestrial and aquatic 
ecosystems (Gregory et al., 1991). The riparian zone is a transition area between open 
water and upland, and sometimes can be referred to as a buffer zone (Castelle et al., 
1994). In many watersheds riparian zones can markedly reduce the magnitude of 
nitrogen export to coastal waters and there is great interest in riparian zone restoration 
and protection (Lowrance, 1998). 
However, because of their transitional location within the landscape, riparian 
zones can exhibit tremendous variability in soils, dissolved oxygen levels, water table 
elevations, vegetation, and organic matter content (Correll, 1997). Riparian zones with 
hydric soils (soils developed under wet conditions and associated with wetlands) have 
many unique ecosystem functions and values, including groundwater quality 
improvement, while non-hydric riparian zones may have little influence on subsurface 
processes. In particular, riparian zones with hydric soils appear to have great potential 
for water quality protection in regard to groundwater nitrate-N removal (Gold et al., 
1998; Nelson et al., 1995; and Simmons et al., 1992), even when hydric soils occur as 
relatively narrow bands (i.e., 10-20 m bands paralleling the stream). Although these 
narrow bands may be challenging to map, the presence of hydric riparian corridors is a 
critical clue to watershed functions. 
Currently, due to perceived problems with the resolution of commonly available 
spatial data bases, most models of watershed N flux do not explicitly identify the location 
and extent of high value riparian zones (Gold and Kellogg, l 997). However, the 
potential for identifying these high value riparian zones through existing spatial data 
bases, coupled with geographic information systems (GIS), has not been rigorously 
explored. In the Chesapeake Bay Watershed riparian zone functions were classified 
using landscape attributes based on coarse scale surficial geology, soils and land use 
maps (Lowrance et al., 1997). I am trying to create a similar classification using a finer 
resolution spatial data base for county based planning. 
The nature of riparian zones along low order streams is of particular interest for 
watershed nitrogen management. First and second order streams can comprise over 70% 
of the total stream length in a watershed (Leopold et al., 1964; Dickson and Schaeffer, 
1997). In humid regions a substantial portion of the flow in a watershed originates as 
baseflow from lower order streams (Warwick and Hill, 1988). Groundwater recharge 
from the upland areas moves through riparian zones as it discharges as baseflow to the 
streams, thus biogeochemical transformations within riparian zones can influence stream 
water quality (Hedin et al., 1998). 
The Natural Resources Conservation Service, formerly the Soil Conservation 
Service defines a hydric soil as a soil that formed under conditions of saturation, flooding 
or ponding long enough during the growing season to develop anaerobic conditions in the 
upper part (Soil Survey Staff, 1993). The hydric class of soils was defined to make the 
available soil survey information from the National Cooperative Soil Survey useful to the 
Fish and Wildlife Service's (FWS) National Wetlands Inventory (NWI) map production 
effort (Mausbach, 1994). NWI maps are created using remotely sensed techniques and 
other available resource information. Hydric soil lists and maps are used by the FWS as 
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an aid in their NWI mapping. The term "hydric soil" was first used by Cowardin et al. 
(1979) in "Classification of Wetlands and Deepwater Habitats of the United States" 
(Mausbach, 1994). The primary objective of the hydric soil definition and criteria was to 
correlate hydrophytic vegetation with a class of soils (Mausbach, 1994 ). These criteria 
were not meant to be used in the field for identifying hydric soils but as tools to estimate 
hydric soil occurrence from soil survey information. Hydric soil indicators (based on soil 
morphology) are used to delineate hydric soils in the field, while hydric soil criteria 
(based on.soil taxonomy) are used to compile hydric soil lists (Hurt and Carlisle, 1997). 
Presence of a hydric soil indicator is often used to confirm that the area in question is a 
wetland. 
The presence of hydric soils can signify a host of functions associated with 
riparian wetlands. Groundwater nitrate removal is only one of many riparian wetland 
functions. Runoff flowing through a riparian forest ecosystem is purified by trapping 
eroded sediments, removing inorganic nutrients and other materials like agricultural 
pesticides (Dillaha and Inamdar, 1997; Jacobs and Gilliam, 1985; Gosselink et al., 1981). 
Flood waters are stored within riparian wetlands, reducing river stages downstream and 
dampening the fluctuating water levels of severe storm events. Riparian wetlands have 
the highest standing biomass of any temperate ecosystem, providing very high levels of 
protection against stream bank erosion (Gosselink et al., 1981). 
Along low order streams riparian zones are often relatively narrow and contain 
thin bands ofhydric soils. Although a 10-20 meter wide band ofhydric soils can 
influence a variety of ecosystem processes at the watershed scale (Welsch et al., 1995), 
current county scale soil survey maps (1:15,840-1:24,000) often are thought to have 
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insufficient resolution to depict these important areas on the landscape (Gold and 
Kellogg, 1997). Soil survey maps at a scale of 1 :24,000 have line widths of 0.254 mm, 
which represents 6 m on the ground. An "accurate" depiction of a 20-meter band of 
hydric soils would be less than 1 mm in width. In the Rhode Island Soil survey (Rector, 
1981) the map scale of 1: 15,840 creates a line width on the map that represents 4 m on 
the ground. 
To overcome map scale limitations, soil mappers often attempt to depict relatively 
small, but important spatial features in the soil survey report. As a soil surveyor gains 
experience mapping an area, he/she formulates soil landscape relations that are used as a 
model during the mapping process. Soil mappers often identify critical features on the 
landscape by expanding their lines to depict features that may not be large enough to map 
considering the minimum map unit delineation size. Thus, the actual spatial dimensions 
of selected features may not be accurate but the maps may show the presence of 
important features. Map depictions of these small, special features vary between mappers 
(Webster, 1968). 
Spatial data provided by the Soil Survey Geographic data base (SSURGO), a 
digital, georeferenced soil survey supported by USDNNRCS, are proving to be a 
powerful information source for GIS based planning and land management at both the 
local, i.e., county level and watershed scale (Fernandez et al., 1993). SSURGO scales 
range from 1: 15,840 to 1 :31,680. Soil survey maps have to go through recompilation, 
digitizing, and certification in order to become SSURGO certified. Of the 3,200 
published soil surveys over 600 have been SSURGO certified and NRCS is generating 
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about 30 per month (Christine Clark, USDA NRCS, personal communication, 1999). At 
this rate over half of the country could have SSURGO ce11ified data by 2004. 
Given the growing availability of SSURGO information, can we use existing map 
data and spatial data bases to describe accurately the patterns and distribution of hydric 
soils observed in riparian settings? The objectives of this study were: 
i) To characterize and quantify the landscape attributes and occurrence of 
hydric soils along riparian corridors of lower order streams. 
ii) To investigate the capacity of SSURGO to depict the patterns of soil 
drainage classes and the occurrence of hydric soils along riparian corridors 
of lower order streams. 




Description of the Study Area 
The study sites were located on first and second order streams in the 77,000 ha 
Pawcatuck River Watershed in southern Rhode Island and eastern Connecticut (Figure 1). 
Based on hydrographic data, which were digitized from 1 :24,000 USGS 7.5 minute 
topographic quadrangle maps, and contained in the Rhode Island Geographic Information 
System (RIGIS) spatial data base, first and second order streams comprise 70% of the 
Pawcatuck River's drainage network (Table 1). The Charlestown end moraine is the 
drainage divide for the southern boundary of the watershed. Study sites were restricted to 
the portion of the watershed falling within RI (64,000 ha) (Figure 2). The soil parent 
materials in the Pawcatuck watershed are comprised of about 54 % till, 32 % outwash 
and 10 % organic and alluvial (Figure 3 and Table 2). The till and outwash soils classify 
as Inceptisols (soil order), organic soils as Histosols and alluvial soils as Entisols. 
Glacial tills are unstratified deposits of sand, silt, clay and boulders that are 
located on gently sloping uplands and drumlins (Wright and Sautter, 1988). Soils 
developed from till in Rhode Island are coarse grained with clay contents under 5% 
(Rector, 1981; Wright and Sautter, 1988). Surface stones are very common as well as 
rock walls from previously abandoned agriculture. Much of RI's till soils have 
limitations to farming and remain forested. Tills can be either friable (loose) or basal 
(dense), depending upon if they were deposited from melting of the glacial ice (friable) or 
under the glacier as it advanced (basal). Hydraulic conductivity values for RI tills range 
from 4x10·3 - lx10· 2 emfs in the friable tills to< lxl0-4 emfs in the basal tills (Rector, 
6 
Figure 1. Location of the Pawcatuck River Watershed in southern Rhode Island. The 
southern drainage divide is the Charlestown End Moraine. 
7 
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Table 1: Percent total stream length in the Pawcatuck River Watershed 
by stream order. 
Stream Length (km) t % Total 
order t stream length 
1 236 45.5 
2 126 24.3 
3 93 18.0 
4 40 7.7 
5 23 4.4 
total 519 100.0 
t Stream order based on the Strahler stream network classification system. 
t Stream length derived from Rhode Island Geographic Information System 
hydrography coverage digitized from USGS 7.5 minute quadrangle maps. 
9 
Figure 2. Location of the 100 sampling locations in the Pawcatuck River Watershed. 
The abrupt western boundary of the watershed is also the border with 
Connecticut and sampling locations were restricted to Rhode Island only. 
10 
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• • Figure 3. Pawcatuck River watershed's geomorphic settings of glacial till, outwash, 
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1981 ). Soils developed from dense basal till generally have higher hydraulic 
conductivity in the upper horizons (above the dense till layer) resulting in perched water 
table systems. Most of the groundwater flow occurs in the friable till and above the 
dense basal till. Streams in till areas usually have a high gradient due to the relative 
position of till on the landscape. Low order streams tend to become rock armored as the 
finer sediments are swept away by high velocity flows, floodplains are uncommon. 
Glacial outwash deposits are stratified layers of sand and gravel deposited by 
glacial meltwater streams. They typically occur in broad valleys commonly referred to as 
outwash plains (Rector, 1981 ). These plains are flat, nearly free of surface stones, and 
are considered some of the best soils in the state for farming (Wright and Sautter, 1988). 
Hydraulic conductivity values can range from 1 xl0- 3 - 1 xl0- 2 cm/sec and available 
water capacity can be very low due to the coarse textures of outwash sediments (Rector, 
1981). Streams in outwash are at low gradients so they have-low flow velocities and tend 
to have gravel/coarse sandy channel bottoms. Terraces commonly form in the higher 
order streams as the stream cuts into the glaciofluvial sediments and stream channels shift 
or meander across the associated floodplains. 
Organic soils have extremely high water holding capacities and high water tables 
for a significant portion of the year. Organic soils are usually located in very poorly 
drained depressions on the landscape (Wright and Sautter, 1988). Alluvial soils are 




Existing map data within the Pawcatuck River Basin (Figure 1) were gathered 
from the RIGIS and the Soil Survey Geographic Data base (SSURGO). Data coverages 
were developed using Arcinfo 7.01 (Environmental Systems Research Institute, 
Redlands, CA) and Arc View 3.1 (Environmental Systems Research Institute, Redlands, 
CA) software. Stream order classification was added to the USGS annotated bluelines 
(streams) attribute files based on the Strahler stream network classification (Leopold et 
al., 1964; Leopold, 1994). The SSURGO data were reprojected from NAD83 decimal 
degrees to NAD27 UTM meters. The following soil survey data were added to the 
SSURGO polygon coverage as attribute data: soil survey geologic parent material, 
hydromorphic setting: (hydric or nonhydric), geomorphic setting (till, outwash, 
organic/alluvium), hydrogeomorphic setting ( outwash-hydric, outwash-nonhydric, till-
hydric, till-nonhydric, and organic/alluvial), soil drainage class (vpd, pd, spd, mwd, wd, 
sed, ed), and inclusion data (hydric inclusions present, nonhydric inclusions present) 
(USDA, 1998; Rector, 1981). 
Orthogonal cross section lines were added graphically to all 1st and 2nd order 
streams by heads up (i.e., on screen) digitizing, with the streams spatial data base 
coverage as a backdrop, at random intervals between 100 and 400 meters apart within the 
Pawcatuck River watershed, RI. Each cross section line was assigned a unique 
identification number. I created approximately 1,500 cross sections (sites) on the 362 km 
of first and second order streams in the watershed. Using a random number generator, 
sites were randomly selected then screened to ensure that I could obtain landowner 
permission to enter private property. Less than 10% of potential sites had to be discarded 
16 
after screening for landowner permission. In total, I 00 randomly generated sites were 
selected and visited (Figure 2 and Table 2). 
Field reconnaissance maps were developed for each of these sites using Arc View 
3. I software. These maps incorporated 1995 digital orthophotography as a backdrop to 
the random transect coverage described earlier as well as wetlands, road, stream, water 
body and soils coverages. Using the reconnaissance maps, sites were pinpointed using 
obvious landscape features such as road intersections and farm fields as points of 
reference. A measuring tape was used to determine exact site locations. 
Since 1998, all new SSURGO data bases contain a hydrography data layer 
digitized from the original soil survey report. RI SSURGO does not have a separate 
hydrography layer so the USGS digitized hydrolines were initially used during site 
location. Sites were then visually matched to the hydrolines in the original soil survey 
report to determine the exact SSURGO riparian soil map unit for use in determining a 
sites' SSURGO categorization in analysis. Through this correction, the SSURGO data 
used in my study parallels current requirements for SSURGO certification standards. 
Based on the SSURGO spatial data base, the distribution of soil parent material 
and hydric status of the study sites closely paralleled the distribution found along riparian 
corridors of the lower streams of the study area (Table 2). Hydric soils formed in till, 
outwash or organic/alluvium comprised about 69% of the undisturbed soils within a 30 m 
buffer of the lower order streams throughout the entire 64,000 ha study area. Within the 
100 sites selected for this study, the SSURGO data base classified 73% as hydric soils 
(Table 2). Table 3 displays the classification of the hydric soils found within 30 m of the 



































































































































































































































































































































































































































































































































































































































































































Site Vegetation and Stream Classification 
Vegetation varied between the study sites; however, almost all the sites were in 
forest and displayed no recent signs of cutting or disturbance. In most hydric soils the 
dominant overstory tree was Red maple (Acer rubrum), with Sweet pepperbush (Clethra 
alnifolia) and Highbush blueberry (Vaccinium corymbosum) commonly found in the 
shrub layer. The herb layer was comprised of Sphagnum moss, Skunk cabbage 
(Symplocarpusfoetidus), and Cinnamon fem (Osmunda cinnamomea). In the upland 
portions of the riparian sites white pine (Pinus strobus), red oak (Quercus rubra), White 
oak (Quercus alba), and Acer rubrum were the dominant tree species, with Bullbriar 
(Smilax rotundifolia), Cinnamon fem (Osmunda cinnamomea), Clethra alnifolia, and 
Lycopodium sp. the common understory speciesClethra alnifolia occurred at almost all 
the sites (Appendix C). All sites met the Riverine Lower Perennial system and 
subsystem classification as defined for the National Wetlands Inventory (Cowardin et al., 
1979). 
Site Characterization 
At each site six transect lines were delineated into the riparian forest (Figure 4). 
These transects were perpendicular to the stream channel with three on each side of the 
stream (specified as left and right banks). On each bank the three transects were placed 
7.5 meters apart and extended in parallel 30 meters away from the stream channel (Figure 
4). Each site encompassed an area 15 m (along the stream) x 60 m (perpendicular to the 
stream) into the upland or to the downgradient boundary of the MWD drainage class, 
based on whichever was closest to the stream. The edge of the stream channel was 
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Figure 4. Plan view schematic of a sampling location. Tl, T2, and T3 signify transects 

















































defined by the top of the current stream bank. 
Using a soil auger, depth to hydromorphic features, which include redoximorphic 
features, were determined and drainage classes were assigned according to those 
characteristics outlined in Table 4. Soil colors were determined using a Munsell soil 
color chart ( 1994 ). Based on these features, soil drainage class boundaries were 
delineated (VPD/PD, PD/SPD, SPD/MWD) along each transect line within the 30 m. 
Hydric soil status was determined using the "Field Indicators to Identifying 
Hydric Soils in New England" manual (New England Hydric Soils Technical Committee, 
1998). Hydric soils included all soils designated as poorly or very poorly drained. 
Widths of both the soil drainage classes and hydric soils along each 30 m transect were 
measured in the field using a tape measure, to the nearest 0.5 m. 
On each stream bank the width of each soil drainage class and the hydric soils 
widths from the three transects were averaged to create a set of mean drainage class 
widths and mean hydric soils widths per bank. Transect averages were used for all direct 
comparisons with the digitally derived SSURGO data for the same cross-section, since 
the accuracy of the digital line used to identify the site is± 3-10 meters. Transects were 
located along straight stream reaches, rather than meanders. This tended to minimize 
intrasite variability. By averaging the three transects per bank I hoped to account for 
some of the error associated with the digitized cross section line. The line width on the 
map can have errors in the location of features (Vorhauer and Hamlett, 1996), as well as 
map scale errors. In addition, the digital coverage often straightens small river bends and 
meanders resulting in another minor discrepancy between the digital cross section and an 
exact transect in the field. 
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Table 4: Criteria for Soil Drainage Class Determinations. 
Soil Drainage Class Characteristics i 
Very Poorly • Organic horizon > 10 cm (>4") thick & in depression or 
Drained flat area of landscape 
(VPD) • Matrix below the O,A,Ap w/ chroma s2, value ~4 w/ <2% 
redoximorphic features or w/o redoximorphic features 
Poorly Drainedt • Organic horizon <10 cm (<4") thick 
(PD) • Common (>2%) redoximorphic features found w/in 20 
cm (8") 
• Matrix below the O,A,Ap w/ chroma s2, value ~4 
• Loamy fine sand or coarser: 
• Bh (organic accumulations) i.e. "coffee grounds" can be 
present below the O,A,Ap,E 
• Matrix below the O,A,Ap w/ chroma s3, value ~4 
Somewhat Poorly • Redoximorphic features are common (>2%) between 20-
Drained 45cm (8-18") 
(SPD) • W/in 45cm (18") have common or many (>2%), distinct or 
prominent ( differ 1-2 hues or more and/or several units in 
value and chroma) redoximorphic features w/ chroma s3 & 
value ~4 or 
• Matrix chroma s3 & value ~4 w/ common or many (>2%), 
distinct or prominent (differ 1-2 hues or more and/or several 
units in value and chroma) redoximorphic features of any 
chroma 
Moderately Well • Between 45-l00cm (18-40") have common or many (>2%), 
Drained distinct or prominent ( differ 1-2 hues or more and/or several 
(MWD) units in value and chroma) redoximorphic features w/ 
chroma s3 & value ~4 or 
• Matrix chroma s3 & value ~4 w/ common.or many (>2%), 
distinct or prominent ( differ 1-2 hues or more and/or several 
units in value and chroma) redoximorphic features of any 
chroma 
t PD outwash soils can have a "coffee grounds" horizon ( color of coffee grounds-OM, 
Fe accumulation) underlying an E horizon in many undisturbed soils (Wright, URI, 1998 
personal communication). 
i Value and chroma colors are based on Munsell Soil Color Charts. 
Compiled from: (Wright, 1995 and New England Hydric Soils Technical Committee 
1998). 
23 
At each site additional field information was gathered regarding stream channel 
characteristics (i.e., channel width, stream bank heights and stream bed material). Stream 
channel width was measured from the top of one stream bank to the opposite bank and 
then placed into one of five classes(< 1 m, 1-2 m, 2-3 m, 3-4 m, >4 m). 
Stream bank heights 
Along each cross section, stream bank heights were measured from the bottom of 
the deepest part of the stream channel to the top of the stream bank using a tape measure. 
Heights were recorded as ranges for each site. Given the range of bank heights, I created 
four bank height classes for later analysis (<0.25 m,_0.25-0.50 m, 0.50-0.75 m, and >0.75 
m). 
Stream Channel Sediments 
Stream bed material was determined by visual estimation of the percent cover of 
organic material and different sediment sizes; sand (0.00625-0.2 cm), gravel (0.2-7.6 
cm), cobbles (7.6-25 cm), stones (25-60 cm) and boulders (>60 cm) within the stream 
channel. Based on percent cover of sediment types present, stream bed materials were 
then classified into one of four classes ( organic, sand, cobble-gravel, or rubble) based on 
the Cowardin et al. (1979) wetland classification system. 
Slope 
Slope of the riparian area was estimated using a clinometer along the middle 
transect line on each bank. Because slopes often varied within the 30 m transects and 
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recording an accurate slope using a clinometer is difficult, field slope classes are more 
suitable representations of the actual landscape. Each site was placed into one of four 
field slope classes (0-3%, 4-8%, 9-15%, and >16%). Topographic data were gathered 
along the transect lines for a select number of sites representing different 
hydrogeomorphic settings with a level and surveying pole (Appendix D). 
Additional site characteristics 
Qualitative information on vegetation (tree, shrub and herb species) was recorded 
for each drainage class at all sites based on their observed presence or absence within the 
extent of each site. The common species for VPD, PD, SPD, and MWD drainage classes 
are listed in Appendix C. 
Statistical Analyses 
Objective 1: To characterize and quantify the landscape attributes and occurrence 
of hydric soils along riparian corridors of lower order streams. 
Characterization of Field Data 
Statistical analyses were performed on measured widths of soil drainage classes 
and hydric soils. I first examined the symmetry of left and right banks of the sites using a 
t-test. The 95 % confidence interval of the difference between the left and right banks of 
each site ranged from -2.1 to 2.7. Banks were not independent and a data set was created 
by selecting a random bank for all statistical comparisons. This was done by assigning a 
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random number to each of the 100 sites. If the random number was even then the right 
bank was used and if the random number was odd then the left bank was used in all 
statistical comparisons. 
Field gathered landscape attribute data (slope within the 30 m transects, channel 
width, stream bank heights, and stream channel material) were placed into classes and 
compared with groundtruthed hydric soils width. Univariate analysis was used in all 
analyses to develop box plots. Box plots display the symmetry of the distribution as well 
as the variability of the data and the concentration of the data in the tails of the 
distribution (Ott, 1993). Analysis of variance (ANOV A) was used to test the equality of 
means for categorized field data. Where there was significance, Tukey's Honest 
Significant Difference (HSD) test was used to test for equality among means (Ott, 1993). 
All statistical analyses were performed using Statistica for Windows (Statsoft, Tulsa, 
OK) software. Differences were considered statistically significant at the p < 0.05 level. 
Objective 2: To investigate the capacity of SSURGO to depict the patterns of soil 
drainage classes and the occurrence of hydric soils along riparian corridors of lower 
order streams. 
Comparison with SSURGO Spatial Data base 
I compared groundtruthed hydric soils width with SSURGO designations for each 
site. Univariate analysis was used in all analyses to develop box plots of the 
groundtruthed hydric width for all categorizations. Analysis of variance (ANOV A) was 
used to test the equality of means for different SSURGO categorizations (settings). 
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Where there was significance, Tukey's Honest Significant Difference (HSD) test was 
used to test for equality among means (Ott, 1993) within the following SSURGO 
settings: 
i) Hydromorphic settings. These are based on the hydric soil criteria and 
riparian soil map units are classified as either hydric or nonhydric (Mausbach, 
1994). 
ii) Geomorphic setting. These settings are based on the soil map units' 
description of the soil parent material and riparian soil map units are classified as 
either till, outwash or organic/alluvium. For this study all of the organic/alluvium 
setting is to be considered hydric soil. Till and outwash settings include both 
hydric and nonhydric soil map units. 
iii) Hydrogeomorphic settings defined by SSURGO are the combination of the 
hydromorphic and geomorphic settings that assign both the hydric status and 
geomorphic classification to a riparian soil map unit. Hydrogeomorphic settings 
are either till-hydric (t-h), outwash-hydric ( ow-h), organic/alluvium ( o/a), till-
nonhydric (t-nh), or outwash-nonhydric (ow-nh). 
iv) SSURGO slope classes defined as A: 0-3%, B: 0-8%, C: 3-15%, and D: 15-
25%. 
Soil drainage class distributions (i.e., groundtruthed widths of VPD and PD soils) 
were examined using box plots within the SSURGO hydrogeomorphic settings. 
For each site cross-section the SSURGO mapped hydric band width, actual (i.e., 
groundtruthed) hydric soils band width, and the difference between the actual and 
mapped were recorded. Mapped hydric band width refers to the total distance from the 
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hydric/nonhydric boundary on one edge of a stream to the other. Actual hydric band is 
the groundtruthed sum of the hydric soils from the left and right banks at a site. 
Univariate analysis was used in all analyses to develop box plots of the mapped, 
groundtruthed, and absolute value of the groundtruthed - mapped hydric widths grouped 
by hydrogeomorphic settings. Analysis of variance (AN OVA) was used to test the 
equality of means and where there was significance, Tukey's Honest Significant 
Difference (HSD) test was used to test for equality among means (Ott, 1993). I used 
Tukey's HSD test for the multivariate analyses in Tables Sa and Sb. 
Error matrices 
I used error matrices to examine the accuracy of the SSURGO data to depict 
hydric riparian zones with groundtruthed widths of at least 2'_ 5 m vs 2'_ 10 m vs 2'_ 15 m vs 
2'_ 20 m. An error matrix is a square array of numbers with rows and columns that shows 
the number of sample units assigned to a particular category in one classification relative 
to the number of sample units assigned to a particular category in another classification. 
Error matrices are efficient ways to represent map accuracy, including errors of inclusion 
(commission errors) and errors of exclusion (omission errors) (Congalton and Green, 
1999). Accuracy measures computed from the error matrix included several simple 
descriptive statistics, such as overall accuracy (the correctly classified sample units 
divided by the total number of sample units in the error matrix); user's accuracy and 
producer's accuracy (representing individual category accuracies) (Story and Congalton, 
1986). 
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Table Sa: Multivariate analyses performed using Tukey's HSD test. Independent and grouping variables 
based on Statistica for Windows inputs (Statsoft, Tulsa, OK). 
Groupinj! Variables: SSURGO Classifications 
Hydromorphic Geomorphic flydrogeomorphic Slope 
Independent Variables Setting Setting Setting Class 
Groundtruthed Hydric Width X X X X 
Groundtruthed VPD Width X X 
Groundtruthed PD Width X X 
Mapped hydric band width X 
Groundtruthed hydric band width X 
Difference between 
groundtruthed and X 
maooed hydric band width 
Table Sb: Multivariate analyses performed using Tukey's HSD test. Independent and grouping variables 
based on Statistica for Windows inputs (Statsoft, Tulsa, OK). 
Independent Variable 
Groundtruthed 
Grouping Variables Hydric Width 
Stream Bank Height Class X 
Field Slope Class X 
Stream Channel Sediment Class X 
Surface Seep Presence X 
Stream Width Classes X 
Stream Order X 
Mapped hydric band width X 
Groundtruthed hydric band width X 
Difference between 
groundtruthed and X 
mapped hydric band width 
Surficial Geomorphic Setting X 
Hydromorphic settings + 
stream b:mk designations X 
geomorphic setting + 
seep presence X 
Till hydrogeomorphic setting + 
seep presence X 
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Other measures of agreement were calculated using discrete multivariate 
techniques like KAPPA analysis. Kappa analysis results in a KHAT statistic (an estimate 
of Kappa) which is a measure of the difference between the actual agreement (major 
diagonal, the total correctly classified data points) and the chance agreement (row and 
column totals) (Congalton, 1991). KHAT values range from +1 to -1. Positive values 
represent a positive correlation between the SSURGO map classification and 
groundtruthed data (Congalton and Green, 1999). Matrix classifications were tested for 
randomness using a Z-test. Z statistic values were considered significant at the p::;; 0.05 
level. 
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RESULTS & DISCUSSION 
Stream Bank Independence 
The distribution of hydric soils width for the left and right banks were 
symmetrical (Figure 5). In a pairwise analysis using the difference between the left and 
right banks of the same sites the mean was 0.3 m with a 95% confidence interval of -2.1 
m to 2.7 m. In univariate analysis on all 100 left banks and 100 right banks, the median, 
interquartile range (i.e., difference in value between the value that is .:S 75% of the data 
and the value _:s 25% of the data), maximum and minimum values varied by less than 1 m 
(Table 6). Within a given geomorphic setting (i.e., till, outwash and organic/alluvium) 
mean hydric soils width between banks differed by less than 1 meter (Table 7) and 
median values differed by less than 1. 5 m. As a result of the symmetry of the data, all 
statistics are based on a fixed data set composed of a random sampling of one bank per 
site. 
Landscape Attributes and Hydric Soils Width of Riparian Zones 
The width of hydric soils in the riparian zones of low order streams in the study 
area was highly variable. The interquartile range of hydric soils width for the full set of 
100 sites was 28.1 m (Figure 6). This range of variability is particularly impressive, 
given that a riparian zone was defined in this study as 30 m (i.e., the maximum hydric 
width measurement was 30 m). Sites containing less than 30 m ofhydric soils comprised 
67% of the data set. Median hydric width of riparian sites for the study area was 11.9 m. 
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Figure 5. Categorized box and whisker plot of type median/quartile/range of the 
difference between the left and right banks versus the groundtruthed hydric 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 6. Categorized box and whisker plot of type median/quartile/range of the full set 










































































































































































































Hydric soils develop through a combination of different site factors such as high 
water tables, anaerobic soil water conditions and available carbon sources. As expected, 
a number of site attributes proved to be useful for stratifying the data set. By dividing 
site attributes into classes, groups or strata we can obtain greater precision in estimation 
of the distribution and central tendency (Hamburg, 1977), especially since there are 
classes within the data that are distinctly different from the remainder of the data set. A 
stratification based on slope creates a marked change in variability (Figure 7). The 
interquartile range of hydric soils width in each of 4 slope classes is less than half of the 
28.1 m interquartile range of the overall data set (Table 8). Mean hydric soils width 
varied significantly with slope class, ANOV A f=33, p~0.05 (Table 8). In particular, the 
mean hydric width was significantly and markedly higher in the flattest slope class (0-
3 % ) compared to the other slope classes. Within the flattest groundtruthed slope class 83 
% of the sites had hydric soils widths> 15 m and 75% had hydric widths> 20 m. 
The importance of slope class in relationship to hydric soils width is an expected 
result of the factors that control hydric soil formation. Hydric soils often develop where 
the water table is at or near the surface. In many riparian settings the water table gradient 
is relatively flat (i.e., < 1 % in sandy media), and the water table is often at approximately 
the same elevation as the surface water of the stream (Nelson et al., 1995). Thus, in 
many riparian zones that are sloping, the ground surface quickly rises above the stream 
level, increasing the distance between the surface soil and the water table. Even with a 
moderate slope of 5%, the water table at 10 m from the stream might be~ 0.5 m deeper 
than the water table immediately adjacent to the stream. This change in water table depth 
can sharply decrease the likelihood for hydric soil formation (Vepraskas and Sprecher, 
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Figure 7. Categorized box and whisker plot of type median/quartile/range of field 
measured slope percentages: 0-3 (n=50), 4-8 (n=20), 9-15 (n=18), > 16 (n=12), 





































































































































































































































































































































































































































































































































































































































Stream bank height is another potential indicator of water table depth. In deeply 
incised streams, the water table is expected to be well below the ground surface of the 
riparian zone, while shallow channels are expected in flat areas with shallow water tables 
(Correll, 1997). Mean hydric soils width differed significantly between stream bank 
classes (Table 9). Sites with the lowest stream bank heights(< 0.25 m) had greater 
widths of hydric soils than more incised stream channels; however, variability of hydric 
soils width was relatively high in all but the lowest stream bank class. As expected, the 
shallowest bank heights were usually associated with level riparian zones. Almost 80% 
of sites within the lowest stream bank height class also had slopes of 0-3% (Figure 8). In 
contrast, sites within the other bank height classes were found to contain a more even 
distribution of the four slope classes. 
Mean hydric width also varied significantly with stream channel sediment classes 
(Table 10). Significantly, (ANOV A f=8, p,:S0.05), greater hydric widths occurred at sites 
with finer textured sediment ( organic and sand) classes than at sites with coarse textured 
sediment classes (cobble and rubble). Small grain sized channel sediments are expected 
to occur in low gradient, low velocity streams (Rosgen, 1996). These streams tend also 
to have lower stream bank heights (68% had bank heights< 0.5 m; Figure 9) and to be 
bordered by relatively level riparian zones (66% had slopes< 4%, Figure 10). The 
cobble-gravel class is more of a transition channel class between low and higher gradient 
streams with median groundtruthed hydric soils widths over seven meters. The rubble 
stream channel sediment class is comprised of boulder-lined streams that are expected to 
















































































































































































































































































































































































































































































































Figure 8. Percent of field slope classes within each stream bank height class (m) (<0.25: 






























































































































































































































































































































































































































































































































































































































































































































































































Figure 9. Percent of stream bank height classes within each stream channel sediment 










































































































































Figure 10. Percent of field slope classes within each stream channel sediment class 

























































































































































banks are often incised deeper than the other classes (i.e.,> 85% of rubble sites had 
stream banks heights> 0.50 cm) and the rubble channel sediments were rarely found on 
sites with flat slopes (i.e., < 29% occurred on slopes from 0-3%). These site 
characteristics help to explain the lower groundtruthed hydric soils widths (median= 1.25 
m) found with the rubble stream channel sediment class. 
Within the lower order streams of the Pawcatuck watershed, more than 90% of 
the sites had stream widths < 5 m. Stratifying the data based on stream width did not 
notably change the variability of the data set (Table 11). Mean hydric width did not vary 
significantly based on stream width class. 
Relating Site Attributes to USGS Spatial Data bases 
I examined the relationship of riparian site attributes and SSURGO 
categorizations to the stream order, defined through USGS 7 .5 minute topographic 
quadrangle maps. Within the study area, the second order streams had markedly higher 
frequencies of organic/alluvium than 1st order sites (Figure 11 ). However, mean hydric 
soils widths were not significantly different between first and second order streams 
(Table 12). There was considerable variability in the riparian hydric soils width within a 
given stream order and the interquartile range of both stream orders approached that 
noted for the entire data set. The data suggest that stream order does not appear to be a 
dominant factor controlling the patterns of groundtruthed hydric soils widths for lower 
order streams in the study area. Both first and second order streams are small and there is 
little difference between them while higher order streams (i.e., greater than third order) 






























































































































































































































































































































































































































































































Figure 11. Percent of sites by hydrogeomorphic setting within each stream order (1st 






























































































































































































































































































































































































































































































































































Topography and surficial geology appear to be of greater importance controlling the 
patterns of groundtruthed hydric soils widths for lower order streams. 
Relating Site Attributes to the SSURGO Data Base 
I examined the capacity of different SSURGO map categories to explain the 
variability and measures of central tendency in the field measurements of hydric soils 
width and soil drainage class widths. Specifically, the map categories examined were: 
1) geomorphic setting (i.e., mapped as organic/alluvial, till or outwash) 
2) hydromorphic setting (i.e., mapped as hydric or nonhydric soil) 
3) hydrogeomorphic setting (i.e., mapped as hydric till, nonhydric till, hydric outwash, 
nonhydric outwash or organic/alluvium). 
4) SSURGO slope classes defined as A: 0-3%, B: 0-8%, C: 3-15%, and D: 15-25%. 
Geomorphic Settings: 
Significant differences in mean hydric width were noted between SSURGO 
geomorphic settings. The organic/alluvium setting had relatively low variability and was 
associated with significantly greater mean hydric widths than riparian sites developed in 
either till or outwash settings (Table 13a and Figure 12). Till and outwash settings both 
displayed high variability (interquartile range> 20 m) and did not differ significantly in 
mean hydric width. All SSURGO organic soil map units are listed as hydric soils and 

















































































































































































































































































































































































































































































































































































































































































































































































Figure 12. Categorized box and whisker plot of type median/quartile/range of SSURGO 
geomorphic settings: organic/alluvium (n=21), till (n=51) and outwash (n=28) 


























































































































































organic/alluvium settings are classified as hydric soil. The other geomorphic settings do 
not directly reflect near stream hydric soil characteristics. 
In addition to SSURGO, USGS geologic quadrangle surficial geology maps were 
used to evaluate hydric soils width vs. geomorphic setting in the study area. There were 
minimal differences between the two coverages in the variability and central tendency of 
hydric soils width for the three geomorphic settings (Tables 13a and 13b). Gold et al. 
(1989) also found high agreement between soil survey data and surficial geology maps in 
RI. USGS defines organic/alluvium as swamp deposits consisting of organic peat and 
muck and inorganic sand and silt. So, this setting is essentially synonymous with features 
that are included in the definition of hydric soils. It appears that surficial geology maps 
may be useful in identifying riparian areas with hydric soils only in organic/alluvium 
settings. 
Hydromorphic Settings: 
The mean groundtruthed hydric width of sites mapped by SSURGO as "hydric" 
was significantly higher (18.3 m) than sites mapped as non-hydric (3.1 m) (Table 14a). 
The SSURGO designated nonhydric sites displayed low variability in hydric width 
(interquartile range < 4 m). In comparison, the SSURGO designated hydric sites 
displayed substantial variability with an interquartile range> 23 m. Over 75% of the 
sites classified as "non-hydric" had groundtruthed hydric soils widths < 4 m. In contrast, 
25% of sites classified "hydric" had groundtruthed hydric soils widths < 6 m. All 
mapped hydric sites had SSURGO slope classes of A (0-3%), and 96% of all A slope 




















































































































































































































































































































































































































































































































































































































































































































































































































































































































VPD soil width in the hydric setting displayed high variability (interquartile range 
> 20 m) with 50 % of the sites having groundtruthed VPD widths of< 0.5 m (table 14b). 
PD soil widths were moderately high in variability (interquartile range > 14 m) with a 
median width of 2.9 m (Table 14c). 
In the nonhydric setting both VPD and PD soil widths had median values< 0.5 m. 
The variability was higher in the PD (interquartile range 2.8 m) than the VPD 
(interquartile range 0.4 m) soils. The amount that was present does not even amount to a 
line width at the scale the RI SSURGO data was mapped. Of the total hydric width 
within the nonhydric setting 60 % was PD and 40 % was VPD. So, where there are 
hydric soils in mapped nonhydric settings the majority are comprised of the drier PD 
soils. 
SSURGO designated hydric soils occurred in a greater proportion of sites with 
small grained stream channel sediments than nonhydric soils (41 % vs. 18.5% 
respectively). The 0-3% slope class occurred on 57% of the SSURGO hydric sites. In 
comparison the 0-3% slope class was found on only 18 % of the SSURGO designated 
nonhydric sites. No significant differences were found in the bank height between the 
SSURGO hydric and nonhydric sites. 
Considering that 73% of all sites were mapped hydric, I examined if further 
subdividing the mapping units into a categorization that incorporates geomorphology as 
well as hydromorphology might improve understanding of the landscape attributes and 
hydric soils widths within riparian zones. 
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Hydrogeomorphic Settings: 
Stratifying the data into hydrogeomorphic settings generally reduced variability 
within a category compared to the variability found in the entire data set and in the other 
SSURGO stratification schemes. Sites within the SSURGO designated hydric-till 
category had the greatest variability (interquartile range > 27 m), but the other two hydric 
and the till-nonhydric hydrogeomorphic settings had less variability than their respective 
hydromorphic category (Tables 15a and 14a respectively). 
The mean hydric width of all three "hydric" hydrogeomorphic settings were 
significantly different than the two "non-hydric" categories. Mean hydric width was not 
significantly different between the non-hydric categories. The till-nonhydric 
classification encompassed a large proportion of sites with virtually no hydric soils 
(median width< 1 m), whereas most nonhydric-outwash classified sites often had a 
narrow band of groundtruthed hydric soils (median 3 m). The nonhydric till sites 
generally occurred at locations with similar slope classes, but slightly deeper incised 
banks than the non-hydric outwash sites. 
Within the three hydric categories there were significant difference in the mean 
width of hydric soils, poorly drained soils and very poorly drained soils (Tables 15a, 15b, 
and 15c ). The hydric soils of most hydric-till designated sites was largely composed of 
PD soils (79%). In contrast, almost all of the hydric soils width in organic/alluvium sites 
was composed ofVPD soils (90%). Both PD and VPD soils were prevalent in the 
hydric-outwash designated sites (Figure 13). 
The lack of VPD soils along riparian areas in the till may be due to the slope of 
the landscape and shallow aquifers (averages 2 m) (Johnston and Dickerman, 1985). The 
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Table 15a: Median, interquartile range, mean and coefficient of variation for groundtruthed hydric 
width (m), PD and VPD soil drainage class groundtruthed widths categorized by hydrogeomorphic 
setting. 
Groundtruthed hydric width (m) :j: 
Hydrogeomorphic Setting t n median Q25 Q75 interquartile range Mean CV Significance tt 
till-hydric 34 12.8 2.5 29.6 27.1 14.4 0.86 a 
outwash-hydric 18 21.8 14.3 30.0 15.8 19.7 0.50 ab 
organic/alluvium 21 30.0 15.6 30.0 14.4 23.4 0.45 b 
till-nonhydric 17 0.5 0.0 2.8 2.8 3.0 2.39 C 
outwash-nonhydric 10 2.9 0.3 4.8 4.5 3.3 0.94 C 
Table 15b: Median, interquartile range, mean and coefficient of variation for 
VPD soil drainage class groundtruthed widths (m) categorized by hydrogeomorphic settings. 
Groundtrutbed VPD width (m) § 
Hydrogeomorphic Setting t n median Q25 Q75 interquartile range Mean CV Significance tt 
till-hydric 34 0.0 0.0 0.0 0.0 3.1 2.56 a 
outwash-hydric 18 7.1 0.0 19.9 19.9 10.9 1.12 b 
organic/alluvium 21 30.0 11.0 30.0 19.0 21.0 0.54 C 
till-nonhydric 17 0.0 0.0 0.0 0.0 1.3 4.03 a 
outwash-nonhydric IO 0.5 0.0 2.8 2.S 1.4 1.30 ab 
Table 15c: Median, interquartile range, mean and coefficient of variation for 
PD soil drainage class groundtruthed widths (m) categorized by hydrogeomorphic setting. 
Groundtruthed PD width (m) # 
Hydrogeomorphic Setting t n median Q25 Q75 interquartile range Mean CV Significance tt 
till-hydric 34 6.7 2.1 23.3 21.2 11.6 0.98 a 
outwash-hydric 18 3.6 0.0 17.7 17.7 8.3 1.17 ab 
organic/alluvium 21 0.0 0.0 2.3 2.3 2.4 2.08 b 
till-nonhydric 17 0.5 0.0 2.8 2.8 2.1 1.77 b 
outwash-nonhydric IO 1.1 0.3 2.8 2.5 1.9 1.26 b 
t Hydrogeomorphic setting determined from the SSURGO data base. Each setting describes both 
its' geomorphology and hydric status. Organic/alluvium is always considered a hydric setting. 
t Groundtruthed hydric width (m) is the total width of the PD and VPD drainage classes as well as 
any determined width ofSPD deemed hydric based on the New England Hydric Soils Technical 
Committee (1998). 
§ Groundtruthed Very Poorly Drained width based on protocols listed in Table 8. 
# Groundtruthed Poorly Drained width based on protocols listed in Table 8. 
tt Different letters within a column of each table indicate significance at the p= 0.05 level, 
f= 13.5: hydric soils width; f= 17.9: VPD soils width; f= 6.6: PD soils width based on Tukey's 
Honest Significant Difference Mean Separation Test 
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Figure 13. Percent of soil drainage class (VPD and PD) distribution within each 
hydrogeomorphic setting based on the cumulative groundtruthed hydric width 




































































































































shallow aquifer can dry out quickly in the summer, fostering aerobic soil conditions that 
can limit the development of VPD soil features. More than 55% of the hydric till sites 
had moderate slopes (i.e., :2: 4%), which can separate surface soils from the water table. 
The slope of the water table in till can be as steep as 3-5% (Johnston and Dickerman, 
1985). These settings contained cobble-gravel or rubble stream channel materials more 
than 84% of the time suggesting relatively high stream velocities and gradients. 
Organic/alluvium settings are dominated by VPD soils due to their position on the 
landscape. They are located on flat areas of the landscape having low gradients. Almost 
80% of the organic/ailuvial sites had organic or sandy stream sediments, suggesting 
slower stream velocities than the till settings: Outwash settings are comprised of both 
VPD (57%) and PD (43%) soils. Roughly two-thirds of the hydric-outwash sites had flat 
slopes. These settings were dominated by organic (38%) and cobble-gravel (46%) stream 
channel sediments. 
The highly variable SSURGO hydric-till category includes a substantial 
proportion of sites with very narrow hydric soils widths (i.e., lower quartile: < 3 m). In 
contrast, the lower quartile of the other two SSURGO hydric (i.e., organic/alluvium and 
hydric-outwash) settings extends to 14 m of hydric soils width. The lack of distinct 
changes in both slope and vegetation presents difficulties in determining the upland edge 
of hydric till soils based on photo-interpretation. The PD soils that dominate in hydric till 
sites often occur on sloping land where the transition from nonhydric (i.e., MWD) soils to 
hydric (i.e., PD) is generally gradual, without an abrupt change in slope. In addition, PD 
soils are dominated by Acer rubrum (Red maple), a transitional tree species able to thrive 
in both wetlands and upland settings. 
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In L:Ontrast o till sites, several attributes of hydric outwash and organic/alluvium 
sites provide a number of visual cues that can help delineate hydric boundaries (Everett 
Stuart, USDA NRCS, personal communication, 1999). The VPD soils of outwash and 
alluvium sites are almost entirely on level ground and the up gradient boundary of the 
VPD soil often coincides with an abrupt change in slope. Areas adjacent to outwash 
riparian sites often were in agricultural production and crop field boundaries often 
coincided with the location of hydric soil boundaries. These features can be seen more 
clearly on aerial photography and thus may be a reason for the increased precision in the 
hydric width found in the outwash setting. 
Organic/alluvium settings also tend to have standing water throughout the winter 
and spring making them appear on aerial photos as dark and easily recognizable hydric 
areas. Again the organic/alluvium is less variable than the till and it tends to consistently 
have wider bands of hydric soils with well defined topographic changes where there is a 
transition from hydric to upland. 
SSURGO Slope Classes 
The width ofhydric soils within SSURGO slope classes had low variability in all 
but the 0-3% (A) class. The mean hydric width of the A slope class was significantly 
different from the Band C classes (Table 16). The SSURGO A slope class comprised 
76% of the data set and had the widest hydric soils width (median 19.6 m) with high 
variability (interquartile range 24.7 m). In comparison the field slope class that is the 
same 0-3% as the SSURGO A class comprised 47% of the data set with a median hydric 






























































































































































































































































































































































































































































ranges of the hydric hydrogeomorphic settings were all greater than 14.4 m (Table l Sa), 
so correct identification of the slope class reduces variability in the data set. 
Seeps and SSURGO Classification 
The occurrence of groundwater springs, often referred to as "seeps" is of great 
importance in assessing the water quality functions of riparian zones. Seeps can alter the 
fate and transport of nitrate in riparian zones (Hill, 1991; Warwick and Hill, 1988). Hill 
(1991) found that, at seeps, groundwater emerged at the surface and moved in small 
rivulets, traversing the riparian zone in a matter of hours. This is an extremely short 
retention time in comparison to that associated with groundwater flow, which often 
moves at rates< 0.1 rn/day (Nelson et al., 1995). Without sufficient retention time, there 
is little opportunity for biogeochemical processes to alter water chemistry and Hill (1991) 
found little nitrate removal when seeps occurred in riparian zones. 
Seeps occurred on 31 % of the sites; however, the occurrence was not uniformly 
distributed between geomorphic settings or between hydrogeomorphic settings. Most of 
the seeps (87%) were found on sites encompassed by the till geomorphic category. 
Although approximately half of the till designated sites had seeps, the till seeps were 
strongly associated (78%) with sites encompassed by the hydric-till hydrogeomorphic 
setting. Of till sites mapped as hydric, those with visible seeps had a median hydric 
width of> 16 m, while hydric-till sites without seeps had median hydric widths of< 4 m 
(Table 17). 
Because a number of studies have suggested that seeps can short circuit the 
interaction of groundwater with the riparian ecosystem (Hill, 1991; Warwick and Hill, 
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1988), the potential co-occurrence of surface seeps with wide hydric bands suggests that 
certain hydric classifications may have limitations for groundwater nitrate removal. To 
further characterize riparian soils with a high potential for groundwater nitrate removal, I 
created a classification of high groundwater nitrate removal based on sites that contained 
no surface seeps and at least 10 m of hydric soils width. When seep absence is combined 
with groundtruthed hydric widths > 10 m only 14. 7% of sites in the hydric-till setting 
meet these characteristics. A large proportion of the hydric-outwash (78%) and 
organic/alluvium (86%) classification met the definition for high groundwater nitrate 
removal potential. Less than 2% of the SSURGO designated non-hydric soiis met the 
criteria (Figure 14). I selected 10 mas a minimum threshold, because on a watershed 
scale a 1 Om buffer of hydric soils can provide a substantial amount of denitrification 
(Appendix K). 
Evaluating SSURGO Accuracy 
In any coverage the scale of the map limits the depiction of features that occur in 
narrow bands or corridors. Where the actual field width of a hydric soils is too narrow to 
map, soil mappers can choose to represent the soil by expanding its actual size to meet 
the minimum mappable unit (band) of their map, or by including the narrow hydric 
corridor in the better drained units of their map (Stolt and Baker, 1995). Boundary lines 
can be drawn on the outside of the actual area of true delineation to meet the minimum 
mappable size. The scale of the RI SSURGO (1: 15,840) map limits the narrowest band 
ofhydric soils that can be depicted on the landscape (Appendix B: FGDC Metadata) to 












































































































































































































































































































































































































































































































































































































































Figure 14. Hydrogeomorphic settings: till-hydric (n=34), outwash-hydric (n=18), 
organic/alluvium (n=2 l ), till-nonhydric (n= 17), and outwash-nonhydric 
(n=lO) versus percent of sites with no seeps present and a groundtruthed 






















































































To gain insight into the minimum mapped width of hydric riparian soils, I 
measured the SSURGO band width of hydric soils that encompassed both sides of each 
of the 100 stream cross sections included in this study. The measured corridor width 
included the stream width. In over 90% of the SSURGO hydric sites, the minimum 
mapped hydric band width was > 50 m (Appendix I). At the published scale of RI 
SSURGO (1 :15,840), a 50 m band width represents a distance of 3.2 mm (0.12") on the 
map, or 12 times the width of a line (0.01 "). No hydric bands were shown with a mapped 
width of less than 3 6 m. Given that 90% of the field measured stream widths were < 5 m, 
in most cases the minimum, mapped SSURGO hydric width per bank would be 
approximately 22 m (i.e., [(50 m corridor width minus 5 m stream width)/ 2 banks]). 
If the SSURGO hydric category was composed largely of sites with> 20 m of 
groundtruthed hydric soils width per bank, at first glance, it would appear that SSURGO 
would depict hydric soils at very few of the sites. Only 39% of the sites had more than 
20 m of groundtruthed hydric soils width per bank. However, the SSURGO map 
coverage depicted hydric soils on 73% riparian cross-sections evaluated in this study. 
Clearly, the mappers included bands of hydric riparian soils that were below the 
minimum mapping width. This can vastly increase the usefulness of SSURGO for 
identifying these high value riparian zones. This leads to the question: How narrow are 
the groundtruth widths ofhydric soils that are designated "hydric" by SSURGO? To 
address this question, I evaluated the accuracy of SSURGO to identify hydric riparian 
soils against several different minimum groundtruthed hydric width zones:~ 5 m (i.e., 5 
to 30 m), ~ 10 m (i.e., 10 to 30 m), 2:. 15 m (i.e., 15 to 30 m) and 2:. 20 m (i.e., 20 to 30 m). 
For example, at a site with 12 m of groundtruth hydric soils width on a stream bank, the 
75 
site would be classified as "hydric" based on the 10 m (i.e., 10 to 30 m) definition, but 
"non-hydric" for the 15 m (i.e., 15 to 30 m) definition. If the SSURGO map depicted the 
site as "non-hydric" the depiction would be accurate for the 15 m definition, but 
inaccurate for the 10 m definition. 
Overall Accuracy and the Error Matrix 
The overall accuracy of SSURGO to depict hydric vs. non-hydric riparian soils 
was significantly better than random (p < 0.05) for all width categories. Based on KHAT 
analysis (Congalton and Green, 1999) and interpretation (Landis and Koch, 1977), the 
agreement between SSURGO and field data for the 15, 10 and 5 m categories represent 
moderate agreement, while_ the agreement for the 20 m field definition was considered 
poor. The greatest overall accuracy was noted when hydric soils·was· defined as > 5 m, 
while the lowest accuracy occurred when hydric soils was defined as sites with hydric 
width> 20 m (Table 18). 
Bell et al. (1992) developed a soil-landscape model for predicting soil drainage 
classes that incorporated Digital Elevation Models, stream, drainageway, bedrock 
geology and surficial geology data layers, and field gathered data. The field data were 
compared to the published soil survey and the results of the model. The agreement 
( overall accuracy) of soil drainage class with the field data was 69% for the published 
soil survey and 74% for the model. While Bell et al. (1992) did not look at riparian areas 
specifically, his results were comparable to those obtained in this study. 
Within the geomorphic settings, the overall accuracy of SSURGO to identify the 









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































when the hydric status was defined as> 5, > 10 and> 15 m of groundtruthed hydric 
width (Table 18 and Appendix E). In both settings the overall accuracy dropped when 
"hydric" status was restricted only to sites with> 20 m of groundtruthed hydric soils 
width. This suggests that the soil mappers recognized many sites as "hydric" that had 
groundtruthed hydric widths less than 20 m. Within the outwash setting, the SSURGO 
classification of "hydric" sites was significantly better than random (p < 0.0.5) and met 
the criteria for "moderate agreement" (i.e., 40% < KHAT < 80%) for all definitions of 
hydric status (Table 18). KHAT analysis (Congalton and Green, 1999) and significance 
testing were not applicable to the organic/alluvium setting, since all SSURGO 
organic/alluvium sites are hydric, thus negating tests that compare different mapped 
categories to different field categories. 
For most definitions of "hydric" status (i.e., various minimum groundtruthed 
hydric widths), till settings had markedly lower overall accuracy values than those found 
with either outwash or organic/alluvium settings. Within the till setting, the SSURGO 
classification of hydric status was not significantly different from random when "hydric" 
was defined as> 15 or >20 m of groundtruthed hydric width. Classification agreement 
was considered to be poor (KHAT< 40%) for "hydric" definitions of> 10, > 15 and> 20 
m of groundtruthed hydric width. Only when "hydric" status was extended to all sites 
with hydric widths> 5 m did the classification of hydric status become significantly 
different from random and meet the criteria for moderate agreement (Table 18). This 
suggests that many till sites with very narrow groundtruth bands of hydric soils were 
classified as "hydric" in SSURGO mapping. Mappers tended to classify till sites with 
even a very narrow band (i.e.,< 5 m) of hydric soils as hydric. Almost 25% of till sites 
78 
with< 5 m hydric soils were classified as hydric while only 11 % of organic/alluvium and 
10% of outwash sites with < 5 m of hydric soils were classified as hydric. 
User's Accuracy and the Error Matrix 
Resource managers and decision makers (users) often are not oriented to the use 
of soil survey (SSURGO) information and may be most interested in how accurately the 
maps reflect what is actually on the ground (i.e., user's accuracy). With user's accuracy 
we can see how well the mapped hydric and nonhydric settings were reflected on the 
ground in each geomorphic setting (Table 19). Of special note is the finding that the 
nonhydric outwash classification had a user's accuracy of 100% using the > 10 m, > 15 
m, and> 20 m definitions. Using these minimum widths to define hydric riparian zone 
soils, the SSURGO map does not classify any hydric sites as non-hydric. Nonhydric till 
also had a high user's accuracy in these definition classes (94%). 
In all hydric hydrogeomorphic settings, user's accuracy was relatively high when 
hydric setting was defined as a very narrow band ofhydric width (i.e., 5 m). The user's 
accuracy dropped as the definition of hydric was altered to reflect wider bands of hydric 
soils. Much of the error occurred in the hydric till setting. Hydric till had a user's 
accuracy of only 53% using the> 10 m groundtruthed hydric width definition and this 
value decreased as the width was increased to 20 m (38%). In the hydric outwash setting 
the user's accuracy values were much higher, 83% using the 10 m definition, but 
decreased to 56% at the 20 m definition (Table 19). 
Thus, user error is primarily restricted to excessive classification of hydric sites, 























































































































































































































































































































































































































































































































































































































































































































































































































































































bands (i.e.,< 10 m). The SSURGO soil survey data base appears to recognize the 
importance of hydric riparian soils, in spite of their narrow nature, and provides map 
users with valuable information beyond what might be expected based on map scale. 
Producer's Accuracy and the Error Matrix 
Producer's accuracy presents how often an area on the ground represents what is 
on the map. The values determined have results similar to the user's accuracy except in 
the opposite categories, i.e., user's accuracy in hydric settings is lower than nonhydric 
settings, while producer's accuracy in hydric settings is higher than in nonhydric settings 
(Table 20). With hydric sites overestimated by SSURGO, producer's accuracy should be 
much higher in hydric settings than user's accuracy. Often sites, even with narrow hydric 
bands, were found to be classified as hydric, resulting in high producer's accuracy. 
SSURGO Accuracy with Improved Topography 
I examined if an improved topography data layer would improve SSURGO's 
riparian hydric soils accuracy. To do this I constructed a subset of the SSURGO hydric 
category from those field sites that possessed a 0-3% field slope class. All other sites 
were considered nonhydric. The results are in Table 21 with user's and producer's 
accuracy in Tables 19 and 20 respectively (Appendix F). The addition of high resolution 
slope produced minor changes in overall accuracy of the outwash and organic/alluvium 
settings where SSURGO accuracy was relatively high without the addition of slope data. 
However, major improvement occurred in the till setting, especially in the> 20 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































accuracy increased 33% by including slope. With the slope data, overall accuracy of the 
till setting ranged from 78-94% vs. 57-73% for the data without the appended slope data. 
In addition, all classes were significantly different than random based on KHAT results 
and stronger agreement occurred at all hydric width definitions. 
Implications and Conclusions 
Many riparian zone researchers have found that high groundwater nitrate 
transformation rates occur in the upper 1-2 m of hydric soils; while non-hydric riparian 
soils have low groundwater nitrate transformation rates (Simmons et al., 1992; Groffrnan 
et al., 1992; Hanson et al., 1994; Nelson et al., 1995; Gold et al., 1998). Hydric soils 
develop under anaerobic conditions causing decomposition rates to become slowed which 
results in accumulations of carbon. Anaerobic conditions and a carbon source are two 
factors that promote denitrification. From a watershed perspective, for riparian zones to 
generate substantial nitrate removal, groundwater must reside for considerable periods 
(i.e., months) in the upper portion of hydric soils. If hydric soils are absent, or occur as 
very narrow bands (i.e., <5 m), groundwater will traverse these soils relatively quickly, 
and limited removal will occur. Hydric soil width is a surrogate for retention times-the 
wider the hydric soil width, the longer the groundwater flow path thus, a longer retention 
time. Removal will also be limited if nitrate laden groundwater from the upland traverses 
the hydric soils in surface seeps or at deep depths, thereby bypassing the biologically 
active zone of hydric soils. 
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Based on my research several conclusions can be drawn regarding the usefulness of 
SSURGO to watershed managers and modelers in the identification of riparian zones 
with high potential for groundwater nitrate removal (Table 22). 
1) Riparian sites classified by SSURGO as organic/alluvium or as outwash-hydric have 
a high potential for groundwater nitrate removal. Approximately 85% of these sites 
have groundtruthed hydric soils widths> 10 m (64% > 20 m). In addition, these sites 
contain almost no surface seeps. Given the slow rate of groundwater flow, in these 
stream reaches groundwater from neighboring uplands will be subjected to lengthy 
retention times in soils that have been found to have high nitrate transformation rates. 
The capacity for riparian zone groundwater nitrate removal could be limited in sites 
where substantial groundwater flow from the upland moves below the biologically 
active zone of the riparian zone. Thus, further research is needed to explore how we 
can use spatial data bases to classify groundwater flow paths and the depth of the 
biologically active zone in these settings. 
2) Riparian sites classified as "nonhydric" (i.e., nonhydric till and nonhydric outwash) 
have low potential for groundwater nitrate removal. Over 85% of these sites have 
groundtruthed hydric soils widths of< 5 m (median < 1 m). Given the narrow width 
of hydric soils, groundwater retention in soils with high nitrate transformation rates 
would be limited, minimizing the capacity for removal. 
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Table 22: Conceptual model for riparian groundwater nitrate removal potential. 
High denitrification/N-removal potential Low denitrification/N-removal potential 




0-3% riparian slope >3% riparian slope 
No seeps present Seeps present. 
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3) A high degree of uncertainty surrounds the nitrate removal capacity of riparian sites 
classified as "hydric-till." These sites showed high variation in hydric width. In 
addition, over two thirds of these sites contained surface seeps. Given that only 14% 
of these sites were found to contain both an absence of seeps and > 10 m of hydric 
soils, I suggest that sites designated in the SSURGO hydric-till riparian classification 
be considered to have "low potential" for groundwater nitrate removal capacity. 
However, given the substantial portion of lower order streams that are designated by 
SSURGO as "hydric-till", more work should be done to identify riparian zones within 
that classification that have high nitrate removal potential. It is possible that other 
spatial data bases might be of value like high resolution topographic data bases. 
As natural resource data bases become more detailed with advances in remote sensing 
and GIS technology, better topographic data will become available to aid in the mapping 
of riparian ecosystem characteristics. SSURGO accurately characterized the occurrence 
or absence of hydric soils (i.e., > 10m width) in 76% of riparian sites. Riparian zones 
with nearly level topography had a high likelihood (83%) to contain hydric soils widths 
(> 10 m) that can make a marked reduction in groundwater nitrate flux. After adding 
high resolution slope to the SSURGO hydric designations there was an increase in the 
ability to characterize the occurrence or absence of hydric soils from 76% to 82%. 
However, within the till geomorphic setting there was an increase in overall accuracy of 
over 33% within the widest definitions (> 15 and> 20 m) when the slope was 
incorporated. By combining SSURGO with improved topographic spatial data, we may 
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LITERATURE REVIEW 
Riparian Zones and Watershed Nitrogen Dynamics 
We need to understand the origin and fate of pollutants in a watershed to direct 
water quality management strategies. Point source pollution originates at an easily 
identifiable source, like a pipe. It is this characteristic that makes point sources easier to 
regulate and manage than non-point source pollution. As a result, research interests have 
shifted towards examining the movement and fate of non-point source pollution. Nitrate 
is a non-point source pollutant released over vast areas of the landscape from many 
diffuse sources, such as agricultural runoff and septic systems (Gold et al., 1990). Nitrate 
is the most commonly detected contaminant in groundwater wells in the US (USEP A, 
1990). Excessive concentrations of nitrate in drinking water can cause "blue baby 
syndrome" and nitrate has been connected to coastal eutrophication (Ryther and Dunstan, 
1971 ). Research is needed to identify N-"sinks," i.e., locations with high removal 
potential for groundwater nitrate (Howarth et al., 1996; Jordan et al., 1997; Valiela et al., 
1997). 
Studying ground water nitrate transformation processes and identifying areas 
having high potential for nitrate removal will result in better management strategies and 
valid data for decision support models. Nitrate can be removed through plant uptake, 
immobilization in microbial biomass, dissimilatory nitrate reduction to ammonium 
(DNRA) and denitrification (Korom, 1992). Denitrification is the only mechanism that 
completely removes nitrate from a watershed, converting it to N20 or N2 gas. Specific 
conditions are necessary for denitrification to occur. These include a source of nitrate, 
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denitrifying bacteria, a carbon source, and anaerobic conditions (Korom, 1992). 
Denitrification is an important process for ground water nitrate removal in riparian zones 
(Gilliam et al., 1997). 
Hydrology and physiography can influence the nitrogen removal capacity of 
vegetated riparian areas (Correll, 1997; Lowrance et al., 1997). There is substantial intra-
site variation in riparian zone groundwater removal rates (Cooper, 1990; Simmons et al., 
1992; Nelson et al., 1995). Research in southern New England suggests that soil 
drainage class may explain much of the variability in groundwater nitrate removal in 
riparian zones (Simmons et al., 1992; Nelson et al., 1995; Gold et al., 1998). Soil 
drainage classes describe the frequency and duration of periods of saturation or partial 
saturation due to a water table in soils (Rector, 1981 ). Higher water tables result in 
saturated conditions in the soil near or at the root zone. Saturated conditions lower the 
exchange of oxygen into the soil water, slowing decomposition and resulting in the 
formation ofhydromorphic features. These include both redoximorphic features and 
features related to slowed breakdown of organic matter, or an accumulation of organic 
matter. Redoximorphic features are soil properties associated with wetness that result 
from the reduction and oxidation of iron and manganese compounds in the soil after 
saturation with water and desaturation, respectively (Soil Science Society of America, 
Inc., 1997). Depth to redoximorphic features and thickness ofhydromorphic features can 
be used to separate the seven soil drainage classes. From highest water tables to lowest 
the seven soil drainage classes are: very poorly drained (VPD), poorly drained (PD), 
somewhat poorly drained (SPD), moderately well drained (MWD), well drained (WD), 
somewhat excessively drained (SED), and excessively drained (ED). Of the seven 
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drainage classes, VPD and PD are usually considered to be hydric soils. Hydric soils are 
soils that formed under conditions of saturation, flooding, or ponding long enough during 
the growing season to develop anaerobic conditions in the upper part (Bell et al., 1992). 
Several studies have found that dissolved oxygen decreases and denitrification capacity 
can increase markedly over short distances when soils change from nonhydric to hydric 
characteristics (Simmons et al., 1992; Nelson et al., 1995). 
The extent of riparian zones with hydric soils along low order streams may have a 
marked influence on the export of nitrate from coastal watersheds. Lower order (1st and 
2nd) streams act as the capillaries of the landscape or basin and can comprise over 70% of 
the catchment's total stream length (Leopold et al., 1964; Dickson and Schaeffer, 1997). 
A substantial portion of the flow in a watershed originates as baseflow from lower order 
streams (Warwick and Hill, 1988). Groundwater recharge from the upland moves 
through riparian zones as it discharges as baseflow to the streams. However, the structure 
and function of riparian zones of low order streams vary widely. Floodplains are often 
narrow or absent. Soil patterns often parallel the floodplain pattern, thus narrow 
floodplains suggest that hydric soil may occur as narrow bands. Although these narrow 
bands may be challenging to map, the presence of hydric riparian corridors is a critical 
clue to watershed functions. 
Groundwater nitrate removal is only one of many riparian ecosystem functions. 
Runoff flowing through a riparian forest ecosystem is purified by trapping eroded 
sediments, removing inorganic nutrients and other materials like agricultural pesticides 
(Gosselink et al., 1981 ). Flood waters are stored within riparian ecosystems, reducing 
river stages downstream and dampening the fluctuating water levels of severe storm 
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events. Riparian ecosystems have the highest standing biomass of any temperate 
ecosystem, providing very high levels of protection against erosion (Gosselink, 1981 ). 
Riparian ecosystems also provide a variety of valuable and diverse habitats for many 
animal species (Mitsch and Gosselink, 1993). Animals are provided with protective 
corridors for dispersal and migration along riparian ecosystems and due to the variety of 
water regimes and associated vegetation patterns a great abundance of wildlife is present 
(Mitsch and Gosselink, 1993). The presence of hydric soils can signify a host of 
functions associated with riparian wetlands. 
Soil Survey 
There are four major cartographic procedures described in the National Soil 
Survey Handbook ( 1996), used in the development of soil maps. ( 1) Imagery acquisition 
of aerial photography for field mapping and orthophotography for publication. (2) Map 
compilation is the transfer of map information from the soil survey field sheet imagery to 
publication imagery or map bases for digitizing, which makes adjustments for the 
distortions in field map scales caused by differences in ground elevation and the tip and 
tilt of the aerial camera. Compilation converts or correlates the soil map unit symbols 
and features to approved legends. (3) Digitizing is the process of converting information 
from analog maps into digital form for computer processing. (4) Map finishing is the 
final transfer of line work and text from which press ready negatives are prepared (Soil 
Survey Staff, 1996). All new and updated soil surveys are published at either 1:12,000 or 
1 :24,000 scales. 
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Soil surveys are developed at different scales ranging from 1: 12,000 to 1 :63,360 
but typically scales are 1: 15,840, 1 :20,000, or 1 :24,000 (USDA, 1995). These are 
considered 2nd order soil surveys (USDA, 1995). Soil maps in published soil surveys are 
made using field methods and use remotely sensed data as an aid in boundary delineation. 
The remotely sensed data predominantly used in soil survey production is aerial 
photography and some ground penetrating radar. Little to no satellite imagery is used in 
2nd order soil surveys. Soil surveyors observe soils along delineation boundaries and 
determine map unit composition by field traverses and transects. Aerial photographs are 
interpreted and used as the field map base (USDA, 1995). 
Soil Map Units 
Soil surveys are comprised of delineated polygons known as soil map units 
(USDA, 1995). A map unit is a collection of soil areas or miscellaneous areas delineated 
in a soil survey that often appear together on the same landscape or geologic unit (Soil 
Survey Staff, 1997). For example, a common map unit symbol in Rhode Island is WoB, 
Woodbridge very stony fine sandy loam, 0 to 8 percent slopes. The components of a map 
unit are the named soils, similar soils, and dissimilar soils. Similar components have 
characteristics resembling the named components and do not affect major interpretations. 
Dissimilar components are those that differ enough from the named components to affect 
major interpretations. Both similar and dissimilar components are termed inclusions. 
Paxton, Ridgebury and Sutton soils are inclusions within the WoB map unit. Paxton soils 
are similar to Woodbridge soils as they both have dense subsurface horizons (Rector, 
1981 ). The Sutton and Ridgebury soils are dissimilar as they either lack the dense 
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horizon or have higher water tables making their management interpretations different 
from Woodbridge soils (Rector, 1981 ). 
The composition and purity of map units are important in the interpretation of soil 
maps. Most delineations of a map unit include areas of dissimilar soil components that 
are not identified in the map unit name but may be included in the data base for the unit. 
These included components are too small to be delineated by standard field mapping 
methods, but they are known to exist and can be listed in the description of the soil map 
unit. Some of the dissimilar minor components could be delineated if smaller 
management units were needed (Soil Survey Staff, 1997). 
Rhode Island soil survey/SSURGO data recognize 111 soil map units, of which 
14 are hydric units (Wright and Sautter, 1988). There are four types of soil map units 
defined as either consociations, complexes, associations, or undifferentiated groups. 
Consociations are map unit areas dominated by a single soil component. At least 50% of 
the pedons (i.e. three dimensional soil bodies with dimensions large enough to allow the 
study of horizon shapes and relationships) in each delineation of a consociation are of the 
named map unit, most of the remainder of the delineation consists of soil components so 
similar to the named soil that major interpretations are not affected significantly (Soil 
Science Society of America, 1997). The to4tl amount of dissimilar inclusions of other 
components in a map unit generally do not exceed 15%. The majority (77%) of map 
units in the Rhode Island soil survey are classified as consociations. 
Complexes and associations consist of two or more dissimilar components that 
occur in a regularly repeating pattern on the landscape. The individual component soils 
in a complex are to small to be delineated at scales coarser than 1 :24,000 while those soil 
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components in an association are large enough to be delineated at scales coarser than 
1 :24,000. Rhode Island soil survey contains 17 map units classified as complexes. There 
are no associations in Rhode Island. 
Undifferentiated groups consist of two or more named soil components that are 
not consistently associated geographically and, therefore, do not always occur together in 
the same map delineation. These components are included in the same named map unit 
because their use and management are the same or very similar for common uses. 
Generally, they are grouped together because some common feature, such as steepness, 
stoniness, or flooding, determines their use and management. There are nine map units 
classified as undifferentiated groups in Rhode Island. Principles are the same regarding 
the proportion of minor components in undifferentiated groups as those that apply to 
consociations (Soil Survey Staff, 1997). All soil map units contain inclusions. Correctly 
identifying and locating included components is associated with accuracy while precision 
is the capability to consistently identify and delineate areas of a map unit including the 
undelineated components within the polygons (Arnold, 1996). The degree of accuracy 
of soil map units depends on map scale, complexity of soils on the landscape, and the 
skill and experience of the soil surveyor. 
Map Scale & Accuracy 
Map scale can be one of the most important factors controlling the number of 
named soil components (purity) found in a map unit. As scales become larger (i.e., finer 
resolution), minimum map unit size decreases and ground distances spanned by map line 
widths also decrease. Large scale maps are defined as maps having a scale of 1: 100,000 
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or larger (Soil Science Society of America 1997), i.e., a 1: 15,840 scale map is a larger 
scale than a 1 :24,000 scale map. For a given area the larger the scale the greater the 
purity of the map unit. Published soil surveys, the basis for SSURGO maps, do not 
always have the same published scale as the scale at which the soils were actually 
mapped. Map unit purity is based in part on the mapped scale not the published scale 
(Wright, 1995). For example the Rhode Island soil survey was mapped on 1: 12,000 scale 
aerial photos, but published at a scale of 1: 15,840. Thus the purity of map units should 
be slightly higher than the published scale. The Rhode Island SSURGO map data has a 
minimum mappable polygon unit of one hectare and a map line width of 0.254 mm which 
equals four meters on the ground. The width of hydric soils is often less than 20 m in the 
riparian zone of first and second order streams. At first inspection, 2nd order maps such 
as SSURGO appear limited in their capacity to reflect these attributes of riparian zones. 
SSURGO maps at a scale of 1 :24,000 have line widths of 0.254 mm, which represents 6 
m on the ground. An "accurate" depiction of a 20-meter band of hydric soil would be 
less than 1 mm in width. 
Soil survey base maps used for digitizing must meet National Map Accuracy 
Standards. "For maps on publication scales larger than 1 :20,000, not more than 10 
percent of the points tested shall be in error by more than 0.131 mm, measured on the 
publication scale; for maps on publication scales of 1 :20,000 or smaller, 0.0787 mm" 
(U.S. Bureau of the Budget, 1947). Soil surveys not mapped on a base that meets map 
accuracy standards are recompiled onto an accurate map base (Soil Survey Staff, 1996). 
The proposed United States National Cartographic Standards for Spatial Accuracy define 
spatial accuracy of map products at scales of 1 :250,000 and larger produced by federal 
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agencies. These standards supersede the National Map Accuracy Standards and are the 
measure of positional accuracy of map features, i.e., the difference between the map 
position and the position actually on the ground (Soil Survey Staff, 1996). 
Class 1 maps and class 2 maps are distinguished based upon the positional 
accuracy of map features. The standard error of horizontal accuracy is not to exceed+/-
0.25 mm in class 1 maps and+/- 0.50 mm in class 2 maps (Soil Survey Staff, 1996). The 
standard for digitizing soil surveys at scales of 1: 12,000 to 1 :63,360 is for all line features 
to be within the 0.254 mm line width of the source documen~ following the centerline of 
the feature (Soil Survey Staff, 1996). 
Map unit purity also depends on the complexity of soil patterns on the landscape. 
Soil surveyors' often smooth irregular boundaries, thus boundaries between map units are 
almost never as smooth as they appear in the published survey. Inclusions of different 
soils may exist within a map unit that are not identified because the soil surveyors' 
sampling intensity was not adequate (Wright, 1995). As a soil surveyor gains more 
experience mapping an area he/she formulates soil landscape relations that are used as a 
model during the mapping process. The mental model that each soil surveyor uses to 
relate soils to the landscape is another source of variability. No two people think exactly 
the same way, so no two soil surveyors will have the exact same mental models 
(Webster, 1968). 
Soil Data bases 
The Natural Resource Conservation Service (NRCS) has developed three soil 
geographic data bases: the Soil Survey Geographic Data Base (SSURGO), the State Soil 
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Geographic Data Base (STATSGO), and the National Soil Geographic Data Base 
(NATSGO). Each data base represents a different scale of soil mapping. Users are be 
able to incorporate the soils data with other georeferenced spatial data in geographic 
information systems (Reybold and TeSelle, 1989). Each of the soil geographic data bases 
are linked to a soil interpretations record data base which provides attributes for the 
spatial data (Soil Survey Staff, 1997). Attribute data includes information on flooding, 
water table, bedrock, subsidence characteristics of the soil, soil properties for each major 
layer of the soil such as bulk density, particle size distribution, available water capacity, 
organic matter, soil reaction, and salinity. Land use interpretations are made for such uses 
as sanitary facilities, building development, recreation development, crops, woodland, 
wildlife, and rangeland (Reybold and TeSelle, 1989). 
All digitizing is by line segment. Soil boundary line work is digitized to within a 
0.246 mm line width of their location on the original source soil maps of all data bases. 
Interpretive maps are made from querying the soil survey data bases for the soil 
characteristics deemed necessary to the interpretive map development. Both NA TSGO 
and STATSGO map units contain many components, making the interpretive maps 
composed of the percentage of the map unit having the desired characteristics (Reybold 
and TeSelle, 1989). 
NRCS soil survey and SSURGO soil maps can provide information on soil 
drainage class distribution and hydric soil occurrence within riparian zones. Most current 
soil survey users are demanding increasing levels of site specific, statistically valid data. 
These data become very important as soil survey information is incorporated into 
geographic information systems (GIS) that are generally managed by non-soil scientists 
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(Veneman et al, 1998). These non-soil scientist data users may not understand or 
recognize the amount of potential error involved in each individual data layer. Many of 
these new users have a limited understanding in soil science and little experience using 
soil surveys (Hammer et al., 1991 ). These users may be unaware that soil delineations 
are not pure, inclusions and the range of soil characteristics in a series may not be 
considered when soils data are used in GIS (Hammer et al., 1991). 
SSURGO 
SSURGO scales range from 1: 15,840 to 1 :31,680 or order two and three soil 
surveys. SSURGO maps have gone through recompilation, digitizing, and certification to 
attain SSURGO status. Georeferenced data bases at 2nd order soil survey scales like 
SSURGO have proven useful for planning and land management at both the local, i.e., 
county level (2nd order) and watershed scale (Fernandez et al., 1993). Currently 78% 
(3,200 soil surveys) of the land area of the US have been mapped. However of this, 59% 
meets modem mapping standards. Of the 3,200 published soil surveys over 600 have 
been SSURGO certified and NRCS is generating about another 30 per month (Christine 
Clark, personal communication, 1999). At this rate over half of the country could have 
SSURGO certified data within the next three to four years. 
SSURGO data has many important uses. SSURGO can be used in county, 
township and watershed resource planning and management, farm conservation planning, 
and timber management (Reybold and TeSelle, 1989). National standards provided by 
the NRCS are used to produce the soil maps in SSURGO by field methods. Observations 
are made along traverses and map unit composition is determined by field transects. 
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Aerial photographs are used and interpreted in the field, these are then recompiled onto a 
digitally rectified map base, usually orthophoto quads. 
STATSGO 
STATSGO's primary uses are for multistate, state and multicounty resource 
planning, management and monitoring (Reybold and TeSelle, 1989). STATSGO soil 
maps are made by generalizing more detailed soil surveys like SSURGO. In areas 
lacking detailed soil surveys data on geology, topography, vegetation and climate are 
gathered along with Landsat images. Soils from similar locations are studied and the 
probable classification and extent of soils are determined (Reybold and TeSelle, 1989). 
ST A TSGO map unit composition is dependent on the detailed soil survey transecting and 
sampling. The data from the detailed soil survey are statistically expanded to 
characterize the entire map unit. STATSGO maps are made at a 1:250,000-scale and use 
the USGS 1 :250,000-scale-topographic quadrangles as base maps (Reybold and TeSelle, 
1989). 
NATSGO 
NATSGO soil maps are used for national, regional and state resource appraisal, 
planning and monitoring (Reybold and TeSelle, 1989). The NATSGO soil maps were 
developed from the major land resource areas which were derived from the state general 
soil maps. NATSGO maps were recompiled at a 1 :7 ,500,000-scale using an NRCS 
national map base adapted from the USGS 1 :5,000,000-scale U.S. base map (Reybold 
and TeSelle, 1989). 
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Hydric Soils 
The definition of a hydric soil is a soil that formed under conditions of saturation, 
flooding or ponding long enough during the growing season to develop anaerobic 
conditions in the upper part (Federal Register, 1994). The hydric class of soils was 
defined to make the available soil survey information from the National Cooperative Soil 
Survey useful to the Fish and Wildlife Service's (FWS) National Wetlands Inventory 
(NWI) map production effort (Mausbach, 1994). NWI maps are created using remotely 
sensed techniques and other available resource information. Hydric soil lists and maps 
are used by the FWS as an aid in their NWI mapping. The hydric soil term was first used 
by Cowardin et al.' s 1979 publication: Classification of Wetlands and Deepwater 
Habitats of the United States (Mausbach, 1994). The primary objective of the hydric soil 
definition and criteria was to correlate hydrophytic vegetation with a class of soils 
(Mausbach, 1994). This criteria was not meant to be used in the field for identifying 
hydric soils but as offsite estimation tools. Hydric soil indicators (based on soil 
morphology) are used to delineate hydric soils in the field, while hydric soil criteria are 
used to compile hydric soil lists (Hurt and Carlisle, 1997). Soils on the hydric soil list 
have a probability of being hydric. A soil that meets the hydric soil definition is 
considered a hydric soil. The presence of a hydric soil indicator is evidence that the 
definition has been met (Hurt and Carlisle, 1997). 
Hydric soil indicators are comprised of hydromorphic features which include 
redoximorphic features and features related to the accumulation of organic matter. The 
term redoximorphic features has replaced the term "soil mottling" as mottles can include 
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carbonate accumulations and organic stains that do not indicate saturation and reduction. 
Redoximorphic features form through reduction, translocation, and oxidation processes 
of Fe and Mn oxides in seasonally saturated soils (Vepraskas, 1992). 
Redoximorphic features are divided into redox concentrations and redox 
depletions. These features can generally be seen with the naked eye and described by the 
soil mapper. Depth to redoximorphic features are also used to distinguish soil drainage 
classes. Redox concentrations are bodies of apparent accumulations of Fe and Mn oxides 
(New England Hydric Soils Technical Committee, 1998; Vepraskas, 1992). They are 
represented by nodules and concretions, masses, and pore linings. Nodules and 
concretions are firm to extremely firm irregularly shaped bodies with diffuse boundaries. 
Masses are soft bodies whose shape is variable. Pore linings are zones of accumulation 
that may be either coatings on a pore surface or impregnations of the matrix adjacent to 
the pore (New England Hydric Soils Technical Committee, 1998; Vepraskas, 1992). 
Redox depletions are bodies of low chroma colors (:S 2) having values of four or more 
where Fe and Mn oxides have been reduced and stripped out due to saturation and 
reduction (New England Hydric Soils Technical Committee, 1998; Vepraskas, 1992). 
When the soil matrix has a chroma of :S 2, it can be considered an iron depleted matrix. 
A reduced matrix occurs when a soil matrix has a low chroma color in situ because of the 
presence of Fe (II), but whose color changes in hue or chroma when exposed to air as the 
Fe (II) is oxidized to Fe (III). This color change occurs within 30 minutes of the samples 
exposure to air (V epraskas, 1992). 
Other indicators of hydric soils are the presence of hydrogen sulfide gas (rotten 
egg smell), organic soils (Histosols, except Folists), thick surface accumulations of 
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organic soil material (histic epipedon), organic streaking within the E horizon and a thick 
dark Bh or Bhs horizon. Dark A or Ap horizons with values of three or less and chroma 
of 2 or less, when associated with other wetland morphologies, are also indicators of 
wetness (New England Hydric Soils Technical Committee, 1998). 
Soil Drainage Class 
Soil drainage describes the amount of time it takes excess water to runoff or 
percolate through the soil. Soil drainage also indicates the frequency and duration of 
time when the soil is unsaturated (Wright and Sautter, 1988). Soil drainage as a concept 
has been used since the first soil surveys. The original purpose of soil surveys was to 
provide useful soil information to farmers for different types of agriculture. How well a 
particular soil drains is an important attribute. In 1951 the Soil Survey Manual defined 
seven natural soil drainage classes and these classes are still used today, they are as 
follows: (Soil Survey Staff, 1993) 
1. Excessively drained. Water is removed very rapidly. The occurrence of internal free 
water commonly is very rare or very deep. The soils are commonly coarse-textured 
and have very high hydraulic conductivity or are very shallow. 
2. Somewhat excessively drained. Water is removed from the soil rapidly. Internal free 
water occurrence commonly is very rare or very deep. The soils are commonly 
coarse-textured and have high saturated hydraulic conductivity or are very shallow. 
3. Well drained. Water is removed from the soil readily but not rapidly. Internal free 
water occurrence commonly is deep or very deep; annual duration is not specified. 
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Water is available to plants throughout most of the growing season in humid regions. 
Wetness does not inhibit growth of roots for significant periods during most growing 
seasons. The soils are mainly free of the deep to redoximorphic features that are 
related to wetness. 
4. Moderately well drained. Water is removed from the soil somewhat slowly during 
some periods of the year. Internal free water occurrence commonly is moderately 
deep and transitory through permanent. The soils are wet for only a short time within 
the rooting depth during the growing season, but long enough that most mesophytic 
crops are affected. They commonly have a moderately low or lower saturated 
hydraulic conductivity in a layer within the upper 1 m, periodically receive high 
rainfall, or both. 
5. Somewhat poorly drained. Water is removed slowly so that the soil is wet at a 
shallow depth for significant periods during the growing season. The occurrence of 
internal free water commonly is shallow to moderately deep and transitory to 
permanent. Wetness markedly restricts the growth of mesophytic crops, unless 
artificial drainage is provided. The soils commonly have one or more of the following 
characteristics: low or very low saturated hydraulic conductivity, a high water table, 
additional water from seepage, or nearly continuous rainfall. 
6. Poorly drained. Water is removed so slowly that the soil is wet at shallow depths 
periodically during the growing season or remains wet for long periods. The 
occurrence of internal free water is shallow or very shallow and common or 
persistent. Free water is commonly at or near the surface long enough during the 
growing season so that most mesophytic crops cannot be grown, unless the soil is 
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artificially drained. The soil, however, is not continuously wet directly below 
plow-depth. Free water at shallow depth is usually present. This water table is 
commonly the result of low or very low saturated hydraulic conductivity of nearly 
continuous rainfall, or of a combination of these. 
7. Very poorly drained. Water is removed from the soil so slowly that free water 
remains at or very near the ground surface during much of the growing season. The 
occurrence of internal free water is very shallow and persistent or permanent. Unless 
the soil is artificially drained, most mesophytic crops cannot be grown. The soils are 
commonly level or depressed and frequently ponded. If rainfall is high or nearly 
continuous, slope gradients may be greater. 
Direct evidence of soil drainage, like surface water ponding, is useful. Drainage 
can also be determined from differences in the depths of different soil color patterns. 
Redoximorphic features, low chroma matrix colors, and organic-rich surface 
accumulations of material are all good indicators of a particular soil drainage class. 
These features are usually associated with the height of the water table in the soil. Where 
redoximorphic features form is considered to be evidence of the seasonal high water table 
(Wright and Sautter, 1988). Figure 31 demonstrates that different soil drainage classes in 
a toposequence can relate to distinct differences in water table depth (Nelson et al., 
1995). Other visual clues such as landscape position, vegetation and slope can also aid in 
determining the drainage class. 
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Physiography of Study Area 
Rhode Island (RI) along with the rest of New England was completely covered by 
a massive glacial ice sheet known as the Laurentide Ice Sheet, about 24,000 years ago 
(Melvin et al., 1992). This period is known as the Wisconsin glaciation. Shortly 
thereafter until about 14,000 years ago the ice sheet began retreating across Rhode Island, 
depositing the Charlestown end moraine as the ice paused for a period of time. The ice 
sheet was completely out of RI by about 14,000 years ago (Melvin et al., 1992). The 
moraine stands 100 to 200 feet high today and blocked the southward drainage of the 
river valleys. Ancient glacial lakes formed behind the moraine as the river valleys filled 
with glacial meltwater (Pawcatuck Watershed Partnership, 1998). Drainage became 
established to the west where the Pawcatuck River flows today. South of the retreating 
ice front large braided streams carried meltwater and sediment away from the glacial ice 
creating the stratified plains of glacial outwash material we see today. Glacial till was 
deposited both under the glacier as it moved, dense till, and as the glacial ice melted 
dropping material in place, known as melt-out or ablation till. After the glacial ice was 
gone, winds blowing over the unvegetated glacial sediments picked up fine sands and silt, 
redepositing them elsewhere to form loess (Wright and Sautter, 1988). Outwash, till, and 
loess are all examples of parent materials in RI from which the soils formed. Other more 
recent parent material that soils in RI have developed from is organic deposits and river 
deposits (alluvium). These various parent materials have different physical and chemical 
properties that also influence the soils developed from them. Stream morphologies are 
also greatly effected by soil parent material as a function of topography and sediment 
type. 
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Glacial tills are unstratified deposits of sand, silt, clay and boulders that are 
located on gently sloping uplands and drumlins (Wright and Sautter, 1988). Surface 
stones are very common as well as rock walls from previously abandoned agriculture. 
Much of RI's tills have limitations to farming and thus remain forested. Tills can be 
either friable (loose) or basal (dense), depending upon if they were deposited from 
melting of the glacial ice (friable) or under the glacier as it advanced (basal). Hydraulic 
conductivity values for RI tills range from 4x10-3 - lxl0- 2 cm/sin the friable tills to< 
lxl0- 4 cm/sin the basal tills (Rector, 1981). Soils developed from dense basal till 
generally have higher hydraulic conductivity in the upper horizcns (above the dense till 
layer) resulting in perched water table systems. Most of the groundwater flow occurs in 
the friable till and above the dense basal till. Streams formed in till areas are usually high 
gradient streams due the relative position of till on the landscape. Low order streams 
tend to become rock armored as the finer sediments are swept away by high velocity 
flows, floodplains are uncommon. 
Glacial outwash deposits are stratified layers of sand and gravel deposited by 
glacial meltwater streams. They are typically in broad valleys and called outwash plains. 
These plains are flat, free of surface stones, and are considered some of the best soils in 
the state for farming (Wright and Sautter, 1988). Hydraulic conductivity values can 
range from 1 xl0- 3 - 1 xl0- 2 cm/sec and available water capacity can be very low due to 
the coarse textures of outwash sediments (Rector, 1981 ). Streams in outwash are at low 
gradients so they have slower flow velocities and tend to be wider with gravel/coarse 
sandy channel bottoms. Terraces commonly form in the larger streams as the stream cuts 
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into the glaciofluvial sediments and stream channels shift or meander across the 
associated floodplains. 
Loess soils are windblown silts and fine sands that have high water holding 
capacities making them excellent soils for farming practices (Wright and Sautter, 1988). 
Hydraulic conductivity values are generally lower than those for outwash soils. Organic 
soils have extremely high water holding capacities and high water tables for a significant 
portion of the year. Organic soils are usually located in very poorly drained depressions 
on the landscape (Wright and Sautter, 1988). 
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Originator: U.S. Department of Agriculture, Natural Resources Conservation Service 
Publication Date: 1996 
Title: Soil Survey Geographic (SSURGO) data base for State of Rhode Island: Bristol, 
Kent, Newport, Providence, and Washington County 
Publication Information 
Publication Place: Fort Worth, Texas 
Publisher: U.S. Department of Agriculture, Natural Resources Conservation Service 
Description 
Abstract: This data set is a digital soil survey and is the most detailed level of soil 
geographic data developed by the National Cooperative Soil Survey. The information 
was collected by digitizing maps, by compiling information onto a planimetric correct 
base and digitizing, or by revising digitized maps using remotely sensed and other 
information. This data set consists of georeferenced digital map data and computerized 
attribute data. The map data are in a 7.5 minute quadrangle format and include a 
detailed, field verified inventory of soils and nonsoil areas that normally occur in a 
repeatable pattern on the landscape and that can be cartographically shown at the scale 
mapped. Sometimes a special soil features layer (point and line features) is included. This 
layer displays the location of features too small to delineate at the mapping scale, but they 
are large enough and contrasting enough to significantly influence use and management. 
The soil map units are linked to attributes in the Map Unit Interpretations Record 
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relational data base, which gives the proportionate extent of the component soils and their 
properties. 
Purpose: SSURGO depicts information about soil features on or near the surface of the 
Earth. These data were collected as part of the National Cooperative Soil Survey. 
Supplemental Information: Digital versions of hydrography, cultural features, and other 
associated layers that are not part of the SSURGO data set may be available from the 
primary organization listed in the Point of Contact. 
Time Period of Content 
Single Date/Time 
Calendar Date: 1996 
Currentness Reference: publication date 
Status 
Progress: Complete 
Maintenance and Update Frequency: As needed 
Spatial Domain 
Bounding Coordinates 
West Bounding Coordinate: -72.000 
East Bounding Coordinate: -71.000 
North Bounding Coordinate: 42.125 




Theme Keyword Thesaurus: None 
Theme Keyword: soil survey 
Theme Keyword: soils 
Theme Keyword: Soil Survey Geographic 
Theme Keyword: SSURGO 
Place 
Place Keyword Thesaurus: Counties and County Equivalents of the States of the United 
States and the District of Columbia (FIPS Pub 6-3) 
Place Keyword: Rhode Island 
Place Keyword Thesaurus: Counties and County Equivalents of the States of the United 
States and the District of Columbia (FIPS Pub 6-3) 
Place Keyword: Bristol County 
Place Keyword: Kent County 
Place Keyword: Newport County 
Place Keyword: Providence County 
Place Keyword: Washington County 
Place Keyword Thesaurus: USGS Topographic Map Names Data Base 
Place Keyword: Oxford Quadrangle 
Place Keyword: Uxbridge Quadrangle 
Place Keyword: Blackstone Quadrangle 
Place Keyword: Franklin Quadrangle 







Place Keyword: Chepachet Quadrangle 
Place Keyword: Georgiaville Quadrangle 
Place Keyword: Pawtucket Quadrangle 
Place Keyword: Attleboro Quadrangle 
Place Keyword: East Killingly Quadrangle 
Place Keyword: Clayville Quadrangle 
Place Keyword: North Scituate Quadrangle 
Place Keyword: Providence Quadrangle 
Place Keyword: East Providence Quadrangle 
Place Keyword: Oneco Quadrangle 
Place Keyword: Coventry Center Quadrangle 
Place Keyword: Crompton Quadrangle 
Place Keyword: East Greenwich Quadrangle 
Place Keyword: Bristol Quadrangle 
Place Keyword: Fall River Quadrangle 
Place Keyword: Voluntown Quadrangle 
Place Keyword: Hope Valley Quadrangle 
Place Keyword: Slocum Quadrangle 
Place Keyword: Wickford Quadrangle 





















Place Keyword: Tiverton Quadrangle ( s4107131) 
Place Keyword: Head of Westport (digital) Quadrangle (s4107132) 
Place Keyword: Ashaway Quadrangle (s4107134) 
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Place Keyword: Carolina Quadrangle 
Place Keyword: Kingston ( digital) Quadrangle 
(s4107135) 
(s4107136) 
Place Keyword: Narragansett Pier (digital) Quadrangle (s4107137) 
Place Keyword: Newport Quadrangle (s4107138) 
Place Keyword: Sakonnet Point Quadrangle (s4107139) 
Place Keyword: Head of Westport OE S Quadrangle (s4107140) 
Place Keyword: Mystic Quadrangle 
Place Keyword: Watch Hill Quadrangle 
(s4107141) 
Place Keyword: Quonochontaug Quadrangle 
Place Keyword: Kingston OE S Quadrangle 
Place Keyword: Narragansett Pier OE S Quadrangle 
Place Keyword: Block Island Quadrangle 






Use Constraints: The U.S. Department of Agriculture, Natural Resources Conservation 
Service, should be acknowledged as the data source in products derived from these data. 
This data set is not designed for use as a primary regulatory tool in permitting or citing 
decisions, but may be used as a reference source. This is public information and may be 
interpreted by organizations, agencies, units of government, or others based on needs; 
however, they are responsible for the appropriate application. Federal, State, or local 
regulatory bodies are not to reassign to the Natural Resources Conservation Service any 
authority for the decisions that they make. The Natural Resources Conservation Service 
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will not perform any evaluations of these maps for purposes related solely to State or 
local regulatory programs. 
Photographic or digital enlargement of these maps to scales greater than at which they 
were originally mapped can cause misinterpretation of the data. If enlarged, maps do not 
show the small areas of contrasting soils that could have been shown at a larger scale. 
The depicted soil boundaries, interpretations, and analysis derived from them do not 
eliminate the need for onsite sampling, testing, and detailed study of specific sites for 
intensive uses. Thus, these data and their interpretations are intended for planning 
purposes only. Digital data files are periodically updated. Files are dated, and users are 
responsible for obtaining the latest version of the data. 
Point of Contact 
Contact Organization Primary 
Contact Organization: U.S. Department of Agriculture, Natural Resources Conservation 
Service 
Contact Position: State Soil Scientist 
Contact Address 
Address Type: mailing address 
Address: 60 Quaker Lane, Suite 46 
City: Warwick 
State or Province: Rhode Island 
Postal Code: 02886-1111 
Contact Voice Telephone: 401 828 1300 
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Contact Facsimile Telephone: 401 828 0433 
Contact TDD/TTY Telephone: 202 720 7808 
Cross Reference: 
Citation 
Originator: U.S. Department of Agriculture, Soil Conservation Service 
Publication Date: 1981 
Title: Soil Survey of State of Rhode Island 
Geospatial Data Presentation Form: text, table, map 
Description 
Abstract: This soil survey contains information that can be applied in managing farms 
and wetlands; in selecting sites for roads, ponds, buildings, and other structures; and in 
judging the suitability of tracts ofland for farming, industry, and recreation. 
Purpose: This soil survey depicts information about soil features on or near the surface of 
the Earth. These data were collecte~ as part of the National Cooperative Soil Survey. 
Data Quality Information 
Attribute Accuracy 
Attribute Accuracy Report: Attribute accuracy is tested by manual comparison of the 
source with hard copy plots and/or symbolized display of the map data on an interactive 
computer graphic system. Selected attributes that cannot be visually verified on plots or 
on screen are interactively queried and verified on screen. In addition, the attributes are 
tested against a master set of valid attributes. All attribute data conform to the attribute 
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codes in the signed classification and correlation document and amendment(s) and are 
current as of the date of digitizing. 
Logical Consistency Report: Certain node/geometry and topology GT-polygon/chain 
relationships are collected or generated to satisfy topological requirements (the GT-
polygon corresponds to the soil delineation). Some of these requirements include: chains 
must begin and end at nodes, chains must connect to each other at nodes, chains do not 
extend through nodes, left and right GT-polygons are defined for ea~h chain element and 
are consistent throughout, and the chains representing the limits of the file (neatline) are 
free of gaps. The tests of logical consistency are performed using vendor software. The 
neatline is generated by connecting the explicitly entered four comers of the digital file. 
All data outside the enclosed region are ignored and all data crossing these 
geographically straight lines are clipped at the neatline. Data within a specified tolerance 
of the neatline are snapped to the neatline. Neatline straightening aligns the digitized 
edges of the digital data with the generated neatline (i.e., with the longitude/latitude lines 
in geographic coordinates). All internal polygons are tested for closure with vendor 
software and are checked on hard copy plots. All data are checked for common soil lines 
(i.e., adjacent polygons with the same label). Quadrangles are edge matched within the 
soil survey area and edge locations generally do not deviate from centerline to centerline 
by more than 0.01 inch. 
Completeness Report: A map unit is a collection of areas defined and named the same in 
terms of their soil and/or nonsoil areas. Each map unit differs in some respect from all 
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others in a survey area and is uniquely identified. Each individual area is a delineation. 
Each map unit consists of one or more components. Soil scientists identify small areas of 
soils or nonsoil areas (special soil features) that have properties and behavior 
significantly different than the named soils in the surrounding map unit. Other inclusions 
that have a minimal effect on use and management, or those that could not be precisely 
located, were not mapped. Specific limits were established on the classification of soils, 
design and name of map units, location of special soil features, and the percentages of 
allowable inclusions. These limits are outlined in U.S. Department of Agriculture. 1975. 
Soil Taxonomy: A basic system of soil classification for making and interpreting soil 
surveys. Soil Conserv. Serv., U.S. Dep. Agric. Handb. 436.; U.S. Department of 
Agriculture. 1992. Keys to Soil Taxonomy. SMSS Technical Monograph No. 19. Soil 
Surv. Staff, Soil Conserv. Serv.; U.S. Department of Agriculture. 1993. National Soil 
Survey Handbook, title 430-VI. Soil Surv. Staff, Soil Conserv. Serv.; and U.S. 
Department of Agriculture. 1993. Soil Survey Manual. Soil Surv. Staff, U.S. Dep. Agric. 
Handb. 18. 
The actual composition and interpretive purity of the map unit delineations were based on 
statistical analysis of field observations and transect data. Adherence to National 
Cooperative Soil Survey standards and procedures is based on peer review, quality 
control, and quality assurance. Quality control is outlined in the memorandum of 
understanding for the soil survey area and in documents that reside with the Natural 
Resources Conservation Service state soil scientist. Four kinds of map units are used in 
soil surveys: consociations, complexes, associations, and undifferentiated groups. 
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Consociations - Consociations are named for the dominant soil. In a consociation, 
delineated areas are dominated by a single soil taxon and similar soils. At least one half 
of the pedons in each delineation are of the same soil component so similar to the named 
soil that major interpretations are not affected significantly. The total amount of 
dissimilar inclusions of other components in a map unit generally does not exceed about 
15 percent if limiting and 25 percent if nonlimiting. A single component of a dissimilar 
limiting inclusion generally does not exceed 10 percent if very contrasting. 
Complexes and associations - Complexes and associations are named for two or more 
dissimilar components with the dominant component listed first. They occur in a 
regularly repeating pattern. The major components of a complex cannot be mapped 
separately at a scale of about 1 :24,000. The major components of an association can be 
separated at a scale of about 1 :24,000. In each delineation of either a complex or an 
association, each major component is normally present, though their proportions may 
vary appreciably from one delineation to another. The total amount of inclusions in a map 
unit that are dissimilar to any of the major components does not exceed 15 percent if 
limiting and 25 percent if nonlimiting. A single kind of dissimilar limiting inclusion 
usually does not exceed 10 percent. 
Undifferentiated Groups - Undifferentiated groups consist of two or more components 
that do not always occur together in the same delineation, but are included in the same 
named map unit because use and management are the same or similar for common uses. 
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Every delineation has at least one of the major components and some may have all of 
them. The same principles regarding proportion of inclusions apply to undifferentiated 
groups as to consociations. 
Minimum documentation consists of at least three complete soil profile descriptions that 
were collected for each soil in the legend. Transects were conducted to document map 
unit composition. A minimum of 300 acres for an individual soil map unit were required 
to retain the map unit in the legend. 
A defined standard or level of confidence in the interpretive purity of the map unit 
delineations is attained by adjusting the kind and intensity of field investigations. Field 
investigations and data collection are carried out in sufficient detail to name map units 
and to identify accurately and consistently areas of about 2.5 acres. 
Positional Accuracy 
Horizontal Positional Accuracy 
Horizontal Positional Accuracy Report: The accuracy of these digital data is based upon 
their compilation to base maps that meet National Map Accuracy Standards. The 
difference in positional accuracy between the soil boundaries and special soil features 
locations in the field and their digitized map locations is unknown. The locational 
accuracy of soil delineations on the ground varies with the transition between map units. 
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For example, on long gently sloping landscapes the transition occurs gradually over many 
feet. Where landscapes change abruptly from steep to level, the transition will be very 
narrow. Soil delineation boundaries and special soil features generally were digitized 
within 0.01 inch of their locations on the digitizing source. The digital map elements are 
edge matched between data sets. The data along each quadrangle edge are matched 
against the data for the adjacent quadrangle. Edge locations generally do not deviate from 




Originator: U.S. Department of Agriculture, Soil Conservation Service 
Publication Date: 1939 
Title: Soil Survey of Kent and Washington Counties, Rhode Island 
Geospatial Data Presentation Form: map 
Publication Information 
Publication Place: Washington, D.C. 
Publisher: U.S. Government Printing Office 
Source Scale Denominator: 62500 
Type of Source Media: paper 
Source Time Period of Content 
Single Date/Time 
Calendar Date: 1939 
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Source Currentness Reference: publication date 
Source Citation Abbreviation: SCS 1 
Source Contribution: basic reference about soils and landscapes 
Source Citation 
Originator: U.S. Department of Agriculture, Soil Conservation Service 
Publication Date: 1942 
Title: Soil Survey of Newport and Bristol Counties, Rhode Island 
Geospatial Data Presentation Form: map 
Publication Information 
Publication Place: Washington, D.C. 
Publisher: U.S. Government Printing Office 
Source Scale Denominator: 62500 
Type of Source Media: paper 
Source Time Period of Content 
Single Date/Time 
Calendar Date: 1942 
Source Currentness Reference: publication date 
Source Citation Abbreviation: SCS2 
Source Contribution: basic reference about soils and landscapes 
Source Citation 
Originator: U.S. Department of Agriculture, Soil Conservation Service 
Publication Date: 1943 
Title: Soil Survey of Providence County, Rhode Island 
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Geospatial Data Presentation Form: map 
Publication Information 
Publication Place: Washington, D.C. 
Publisher: U.S. Government Printing Office 
Source Scale Denominator: 62500 
Type of Source Media: paper 
Source Time Period of Content 
Single Date/Time 
Calendar Date: 1943 
Source Currentness Reference: publication date 
Source Citation Abbreviation: SCS3 
Source Contribution: basic reference about soils and landscapes 
Source Citation 
Originator: Aerial Data Reduction Associates 
Publication Date: 1970 
Title: multiple low altitude monochrome aerial photographs 
Geospatial Data Presentation Form: remote sensing image 
Publication Information 
Publication Place: Pennsauken, New Jersey 
Publisher: Aerial Data Reduction Associates 
Source Scale Denominator: 12000 
Type of Source Media: paper 
Source Time Period of Content 
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Range of Dates/Times 
Beginning Date: 1970 
Ending Date: 1977 
Source Currentness Reference: publication date 
Source Citation Abbreviation: ADRl 
Source Contribution: base materials for field mapping and development of hydro graphic 
layer 
Source Citation 
Originator: U.S. Department of Agriculture, Agricultural Stabilization and Conservation 
Service 
Publication Date: 1976 
Title: multiple photographs 
Geospatial Data Presentation Form: remote sensing image 
Publication Information 
Publication Place: Salt Lake City, Utah 
Publisher: U.S. Department of Agriculture, Agricultural 
Stabilization and Conservation Service 
Source Scale Denominator: 15840 
Type of Source Media: stable-base material 
Source Time Period of Content 
Single Date/Time 
Calendar Date: 1978 
Source Currentness Reference: publication date 
129 
Source Citation Abbreviation: SCS4 
Source Contribution: compilation base for published soil survey 
Source Citation 
Originator: University of Rhode Island, Environmental 
Data Center 
Publication Date: unpublished material 
Title: annotated overlay 
Geo spatial Data Presentation Form: map 
Source Scale Denominator: 15840 
Type of Source Media: stable-base material 
Source Time Period of Content 
Single Date/Time 
Calendar Date: 1989 
Source Currentness Reference: 1970-1975, publication dates ofUSGS topographic 
quadrangles, from which hydrography overlays were created 
Source Citation Abbreviation: URI 1 
Source Contribution: provided hydrography reference during soil map recompilation for 
double line streams and water areas that serve as soil map unit boundaries and was also 
the base material for recompilation 
Source Citation 
Originator: U.S. Geological Survey 
Publication Date: 1970-1975 
Title: multiple orthophotographs 
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Geospatial Data Presentation Form: remote sensing image 
Publication Information 
Publication Place: Menlo Park, California 
Publisher: U.S. Department of Agriculture, Agricultural Stabilization and Conservation 
Service 
Source Scale Denominator: 15840 
Type of Source Media: stable-base material 
Source Time Period of Content 
Single Date/time 
Calendar Date: 1989 
Source Currentness Reference: publication date 
Source Citation Abbreviation: USGS 1 
Source Contribution: compilation source 
Source Citation 
Originator: U.S. Department of Agriculture, Natural Resources Conservation Service 
Publication Date: unpublished material 
Title: publication annotated overlay 
Geospatial Data Presentation Form: map 
Source Scale Denominator: 15840 
Type of Source Media: stable-base material 
Source Time Period of Content 
Single Date/Time 
Calendar Date: 1989 
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Source Currentness Reference: 1989 
Source Citation Abbreviation: NRCS 1 
Source Contribution: final publication negatives used as the source for soil lines 
Source Citation 
Originator: U.S. Department of Agriculture, Agricultural Stabilization and conservation 
Service 
Publication Date: 1986 
--Title: multiple color infrared high altitude aerial photographs 
Geo spatial Data Presentation Form: remote sensing image 
Publication Information 
Publication Place: Salt Lake City, Utah 
Publisher: U.S. Department of Agriculture, Agricultural Stabilization and Conservation 
Service 
Source Scale Denominator: 12000 
Type of Source Media: paper 
Source Time Period of Content 
Single Date/Time 
Calendar Date: 1989 
Source Currentness Reference: publication date 
Source Citation Abbreviation: ASCS 1 




Originator: U.S. Department of Agriculture, Soil Conservation Service 
Publication Date: 1981 
Title: Soil Survey of State of Rhode Island 
Geospatial Data Presentation Form: map 
Publication Information 
Publication Place: Washington, D.C. 
Publisher: U.S. Government Printing Office 
Source Scale Denominator: 15840 
Type of Source Media: paper 
Source Time Period of Content 
Single Date/Time 
Calendar Date: 1981 
Source Currentness Reference: publication date 
Source Citation Abbreviation: SCS5 
Source Contribution: source of soil map unit delineations, soil symbols and special soil 
features 
Source Citation 
Originator: U.S. Department of Agriculture, Natural Resources Conservation Service 
Publication Date: unpublished material 
Title: annotated overlay 
Geospatial Data Presentation Form: map 
Source Scale Denominator: 15840 
Type of Source Media: stable-base material 
133 
Source Time Period of Content 
Range of Dates/Times 
Beginning Date: 1989 
Ending Date: 1995 
Source Currentness Reference: 1995 
Source Citation Abbreviation: NRCS2 
Source Contribution: digitizing source 
Process Step 
Process Description: The State of Rhode Island was previously published as three soil 
surveys, between 1939 and 1943. All three surveys were at a scale of 1:62500. A revised 
soil mapping legend was established in the 1950's and mapping was updated during the 
late 1960's. An evaluation of the updated mapping indicated that the mapping was not 
adequate for a modem order two soil survey due to significant changes in landuse, soil 
classification, soil interpretations, and soil mapping standards and procedures. 
Process Date: 1968 
Source Used Citation Abbreviations: SCSI, SCS2, SCS3 
Process Step 
Process Description: Field procedures were used to combine the three previous 
individual soil survey areas into a single soil survey. Soil map unit boundaries were 
determined by field observations and by interpretation of remotely sensed data on 
1: 12000 scale aerial photography. Boundaries were verified at closely spaced intervals 
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with the soils in each delineation (map unit) identified by traversing and transecting the 
landscape. The soil scientists conducting the survey observed the soils in the field, 
described and sampled the soils, and analyzed the samples in the laboratory. The 
taxonomic classification of the soils and resulting map unit names were finalized at the 
final correlation in October 1977. 
Process Date: 1977 
Source Used Citation Abbreviation: ADRl 
Process Step 
Process Description: The 1: 12000 scale field maps were visually compiled to 
photographs at 1: 15840 scale. The compilation and quality control were performed by 
Soil Conservation Service staff. 
Process Date: 1978 
Source Used Citation Abbreviations: ADRl, SCS4 
Process Step 
Process Description: The Environmental Data Center at the Univeristy of Rhode Island 
prepared maps (plots) of the digitized USGS topographic quadrangle hydrography. 
These maps were used as the compilation base. They were used as a base map, to ensure 
a match to other data created by the State of Rhode Island. Soil lines were compiled 
using the publication annotated overlay. The color infrared aerial photography was used 
for identifying and compiling changes in urban areas, pits, and water areas that were not 
indicated on the publication imagery Soil lines were adjusted to fit water areas. Soil 
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lines were not adjusted to fit single line streams indicated on the compilation base. 
Supervision of the recompilation was provided by Soil Service staff. Actual work was 
performed by contract with the URI-EDC staff and SCS staff. Major funding for 
recompilation was provided by the Rhode Island Solid Waste Management Corporation. 
Process Date: 1989 
Source Used Citation Abbreviations: URil, USGSl, NRCSl, ASCSl, SCS5, NRCS2 
Process Step 
Process Description: The recompiled soil lines were digitized, and map units labeled, 
using Arcinfo software. Six 7.5 minute quadrangles of soil maps were digitized by the 
University of Rhode Island, Environmental Data Center under a cooperative agreement 
with the Soil Conservation Service. The portion of the state covering the Scituate 
Reservoir watershed (approximately 93 square miles) was digitized, under contract, by 
Environmental Systems Research Institute, Inc. The remainder of the state was digitized 
by Hammon Jensen Wallen & Associates using Arclnfo, version 4.0.1. The contracts 
were prepared and held by the University of Rhode Island, Environmental Data Center, 
with cooperative review by the SCS. SCS personnel edited the proof plots provided by 
the contractors. (NOTE: At the completion of this process, the Rhode Island Board of 
Governors of Higher Education copyrighted the spatial soils data. The USDA SCS 
subsequently entered into a licensing agreement with the Board which limits the NRCS's 
distribution of the data to formats other than the Arcinfo export format). 
Process Date: 1989 
Source Used Citation Abbreviations: NRCS2 
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Process Step 
Process Description: Special soil features appearing in the published soil survey were 
evaluated, amended, compiled, and digitized. Most amendments were made to reduce the 
number of special soil features where the density of the special features shown in the 
published survey were not warranted. The special soil features were compiled and 
digitized, using GRASS software, by NRCS personnel. The NRCS, National 
Cartography and Geospatial Center, SSURGO Support Section imported both the soils 
and special soil features data for verification in ARC/INFO 7.0.4. The data were edited. 
New DLGs reflecting these changes were written with ARC/INFO 7.0.4. 
Process Date: 1995 
Source Used Citation Abbreviations: SCS5, NRCS2 
Process Step 
Process Description: The Map Unit Interpretations Record data base was prepared by the 
Natural Resources Conservation Service soil scientists according to national standards. 
Process Date: 1996 
Source Used Citation Abbreviation: SCS5 
Spatial Data Organization Information 
Direct Spatial Reference Method: Vector 
Spatial Reference Information 
Horizontal Coordinate System Definition 
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Pianar 
Grid Coordinate System Name: Universal Transverse Mercator 
Universal Transverse Mercator 
UTM Zone Number: 19 
Transverse Mercator 
Scale Factor at Central Meridian: 0.9996 
Longitude of Central Meridian: -69.0 
Latitude of Projection Origin: 0.0 
False Easting: 500000 
False Northing: 0.0 
Planar Coordinate Information 
Planar Coordinate Encoding Method: coordinate pair 
Coordinate Representation 
Abscissa Resolution: 0.305 
Ordinate Resolution: 0.305 
Planar Distance Units: meters 
Geodetic Model 
Horizontal Datum Name: North American Datum of 1927 
Ellipsoid Name: Clarke 1866 
Semi-major Axis: 6378206.4 
Denominator of Flattening Ratio: 294.98 
Entity and Attribute Information 
Overview Description 
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Entity and Attribute Overview: Map Unit Delineations are closed polygons that may be 
dominated by a single soil or nonsoil component plus allowable similar or dissimilar 
soils, or they can be geographic mixtures of groups of soils or soils and nonsoil areas. 
The map unit symbol uniquely identifies each closed delineation map unit. Each symbol 
is linked to a map unit name. The map unit symbol is also the key for linking information 
in the Map Unit Interpretations Record tables. The map unit symbols are not carried 
within the modified Digital Line Graph file; however, they are made available in a 
companion attribute file. The attribute file links the minor codes in the Digital Line 
Graph files to the map unit symbols. 
Map Unit Delineations are described by the Map Unit Interpretations Record data base. 
This attribute data base gives the proportionate extent of the component soils and the 
properties for each soil. The data base contains both estimated and measured data on the 
physical and chemical soil properties and soil interpretations for engineering, water 
management, recreation, agronomic, woodland, range, and wildlife uses of the soil. The 
soil Map Unit Interpretations Record data base consists of the following relational tables: 
codes ( data base codes) - stores information on all codes used in the data base 
comp (map unit component) - stores information for soil map unit components 
compyld ( component crop yield) - stores crop yield information for soil map unit 
components 
forest (forest understory) - stores information for plant cover as forest understory for soil 
map unit components. 
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Table not populated. 
helclass (highly erodible lands class) - stores the highly erodible land classification for 
wind and water assigned to the soil map units. Table not populated. 
hydcomp (hydric component information) - stores data related to the hydric classification, 
criteria, landform, etc. 
inclusn (map unit inclusion) - stores the names of soils included in the soil map units 
interp (interpretation) - stores soil interpretation ratings (both limitation ratings and 
suitability ratings) for soil map unit components 
layer (soil layer) - stores characteristics of soil layers for soil map unit components 
mapunit (map unit) - stores information that applies to all components of a soil map unit 
mucoacre (map unit county acres) - stores the number of acres for the map unit within a 
county 
muyld (map unit yield) - stores crop yield information for the soil map unit 
plantcom (plant composition) - stores plant symbols and percent of plant composition 
associated with components of a soil map unit. Table not populated. 
plantnm (plant name) - stores the common and scientific names for plants used in the data 
base 
rangenm (range name) - stores the range site names. Table not populated. 
rsprod (range site production) - stores range site production information for soil map unit 
components. 
Table not populated. 
ssacoac (soil survey area county acreage) - stores the acreage for the county within the 
boundary of the soil survey area 
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ssarea (soil survey area) - stores information that will apply to an entire soil survey area 
taxclass (taxonomic classification) - stores the taxonomic classification for soils in the 
data base 
windbrk (windbreak) - stores information on recommended windbreak plants for soil map 
unit components. 
Table not populated. 
wlhabit (wildlife habitat) - stores wildlife habitat information for soil map unit 
components 
woodland (woodland) - stores information on common indicator trees for soil map unit 
components 
woodmgt (woodland management) - stores woodland management information for soil 
map unit components 
yldunits (yield units) - stores crop names and the units used to measure yield 
Special features are described in the feature table. It includes a feature label, feature 
name, and feature definition for each special and ad hoc feature in the survey area. 
Entity and Attribute Detail Citation 
U.S. Department of Agriculture. 1975. Soil Taxonomy: A basic system of soil 
classification for making and interpreting soil surveys. 
Soil Conserv. Serv., U.S. Dep. Agric. Handb. 436. 
U.S. Department of Agriculture. 1992. Keys to Soil Taxonomy. SMSS 
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Technical Monograph No. 19. Soil Surv. Staff, Soil Conserv. Serv. 
U.S. Department of Agriculture. 1993. National Soil Survey 
Handbook, title 430-VI. Soil Surv. Staff, Soil Conserv. Serv. 
U.S. Department of Agriculture. 1993. Soil Survey Manual. Soil 
Surv. Staff, U.S. Dep. Agric. Handb. 18. 
U.S. Department of Agriculture. 1994. Soil Survey Geographic (SSURGO) Data Base: 
Data use information. Soil Conserv. Serv. 




Entity Type Label: Special Soil Features 
Entity Type Definition: Special Soil Features represent soil, nonsoil, or landform features 
that are too small to be digitized as soil delineations (area features). 
Entity Type Definition Source: U.S. Department of Agriculture. 
1993. Soil Survey Manual. Soil Surv. Staff, U.S. Dep. Agric. Handb. 18. 
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Attribute 
Attribute Label: Special Soil Features Codes 
Attribute Definition: Special Soil Features Codes represent specific Special Soil Features. 
These features are identified with a major code, a minor code, and a descriptive label. 
The codes and label are assigned to the point or line assigned to represent the feature on 
published maps. 
Attribute Definition Source: U.S. Department of Agriculture. 1993. Soil Survey Manual. 
Soil Surv. Staff, U.S. Dep. Agric. Handb. 18; U.S. Department of Agriculture. 1993. 
National Soil Survey Handbook, title 430-VI, part 647. Soil Conserv. Serv. 
Attribute Domain Values 
Codeset Name: Classification and Correlation of the Soils of State of Rhode Island 




Contact Organization Primary 
Contact Organization: U.S. Department of Agriculture, Natural Resources Conservation 
Service, National Cartography and Geospatial Center 
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Contact Address 
Address Type: mailing address 
Address: P.O. Box 6567 
City: Fort Worth 
State or Province: Texas 
Postal Zone: 7 6115 
Contact Voice Telephone: 800 672 5559 
Contact Facsimile Telephone: 817 334 5469 
Resource Description: State of Rhode Island: Bristol, Kent, Newport, Providence, and 
Washington County SSURGO 
Distribution Liability: Although these data have been processed successfully on a 
computer system at the U.S. Department of Agriculture, no warranty expressed or 
implied is made by the Agency regarding the utility of the data on any other system, nor 
shall the act of distribution constitute any such warranty. The U.S. Department of 
Agriculture will warrant the delivery of this product in computer readable format, and 
will offer appropriate adjustment of credit when the product is determined unreadable by 
correctly adjusted computer input peripherals, or when the physical medium is delivered 
in damaged condition. Request for adjustment of credit must be made within 90 days 
from the date of this shipment from the ordering site. 
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-
The U.S. Department of Agriculture, nor any of its agencies are liable for misuse of the 
data, for damage, for transmission of viruses, or for computer contamination through the 
distribution of these data sets. The U.S. Department of Agriculture prohibits 
discrimination in its programs on the basis of race, color, national origin, sex, religion, 
age, disability, political beliefs, and marital or familial status. (Not all prohibited bases 
apply to all programs). 
Standard Order Process 
Digital Form 
Digital Transfer Information 
Format Name: DLG 
Format Version Date: 19920508 
Format Specification: Optional 
Format Content Information: spatial and keys 
Transfer Size: 70.1 
Digital Transfer Option 
Offline Option 
Offline Media: CD-ROM 
Recording Format: ISO 9660 Level 1 
Digital Form 
Digital Transfer Information 
Format Name: ASCII 
Format Content Information: keys and attributes 
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Transfer Size: 0.4 
Digital Transfer Option 
Offline Option 
Offline Media: CD-ROM 
Recording Format: ISO 9660 Level 1 
Fees: The charge is $50 for a CD-ROM that contains one or more data sets. A data set is 
one soil survey area in full quadrangle format and includes both spatial and attribute data. 
Ordering Instructions: Call or write to organizations listed under Distributor. Spatial line 
data and locations of special feature symbols are in DLG-3 optional format. Digital line 
graph files contain major and minor code pairs in area and line records. A conversion 
legend is provided for each digital line graph file. Soil map symbols and special feature 
labels are available in a companion ASCII attribute file. The Map Unit Interpretations 
Record attribute soil data are available in variable length, tab delimited, ASCII file 
format. 
Turnaround: IO working days 
Metadata Reference Information 
Metadata Date: 19960213 
Metadata Review Date: 19961016 
Metadata Contact 
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Contact Organization Primary 
Contact Organization: U.S. Department of Agriculture, Natural Resources Conservation 
Service 
Contact Position: State Soil Scientist 
Contract Address 
Address Type: mailing address 
Address: 60 Quaker Lane, Suite 46 
City: Warwick 
State or Province: Rhode Island 
Postal Code: 02886-1111 
Contact Voice Telephone: 401 828 1300 
Contact Facsimile Telephone: 401 828 0433 
Metadata Standard Name: Content Standards for Digital Geospatial Metadata 
Metadata Standard Version: 19940608 
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APPENDIXC: 
Common vegetation with wetland indicator status, for each soil drainage class of the 
riparian buffer zone. OBL: Obligate Wetland (> 99% probability of occurring in 
wetlands); FACW: Facultative Wetland (67%-99% probability of occurring in wetlands); 
FAC: Facultative (34%-66% probability of occurring in wetlands); FACU: Facultative 
Upland (1 %-33% probability of occurring in wetlands). A positive sign indicates a 
higher frequency to occur in wetlands while the negative sign indicates the species is less 
frequently found in wetlands. Indicator status derived from the US Fish and Wildlife 
Service, National List of Vascular Plant Species That Occur in Wetlands: 1996 National 
Summary. 
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Soil Genus and species Common name Wetland 
Drainage indicator 
Class status 
MWD Acer rubrum Red maple FAC 
Pinus strobus White pine FACU 
Quercus alba White oak FACU 
Quercus rubra Red oak FACU-
Clethra alnifolia Sweet pepperbush FAC+ 
Lycopodium complanatum Creeping jenny FACU-
Lycopodium obscurum Prince's pine FACU 
SPD Acer rubrum Red maple FAC 
Pinus strobus White pine FACU 
Clethra alnifolia Sweet pepperbush FAC+ 
Vaccinium corymbosum Highbush blueberry FACW-
Smilax rotundifolia Common greenbriar FAC 
Osmunda cinnamomea Cinnamon fem FACW 
Lycopodium complanatum Creeping Jenny FACU-
Lycopodium obscurum Prince's pine FACU 
PD Acer rubrum Red maple FAC 
Clethra alnifolia Sweet pepperbush FAC+ 
Vaccinium corymbosum Highbush blueberry FACW-
Osmunda cinnamomea Cinnamon fem FACW 
Symplocarpus foetidus Skunk cabbage OBL 
Sphagnum sp. Sphagnum moss OBL 
VPD Acer rubrum Red maple FAC 
Clethra alnifolia Sweet pepperbush FAC+ 
Symplocarpus foetidus Skunk cabbage OBL 
Sphagnum sp. Sphagnum moss OBL 
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APPENDIXD: 
Stream Site Location Orthogonal Cross-sections. Tl, T2, and T3 refer to the transect 
numbers. Soil drainage classes are labeled to the upland boundary (beyond SPD drainage 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Error Matrices of hydric soil classification in RI SSURGO by hydromorphic and 
geomorphic settings vs. groundtruthed hydric widths of differing definitions indicating 









% Producers Accuracy 







% Producers Accuracy 







% Producers Accuracy 







% Producers Accuracy 
% Overall Accuracy 
Ground truthed reference data 
Hvdric width > 20m 









Ground trothed reference data 













Ground trothed reference data 













Ground trothed reference data 




Hvdric Nonhydric Row total 
56 17 73 
4 23 27 







# correct ICornmissi0n I¾ Commission I¾ User Accuracy I 
381 351 47.91 s2.11 
261 II 3.71 96.31 
# correct I Commission I% Commission I% User Accuracy I 
451 281 38.41 61.61 
261 II 3.71 96.31 
# correct !Commission I¾ Commission I¾ User Accuracy I 
501 231 31.51 68.51 
261 II 3.71 96.31 
# correct !Commission I¾ Commission I¾ User Accuracy I 
561 171 23.31 76.71 
231 41 14.81 85.21 
Outwash - hvdric 





% Producers Accuracy 
% Overall Accuracy 
Outwash - hvdric 





% Producers Accuracv 
% Overall Accuracv 
Outwash - hvdric 





% Producers Accuracy 
% Overall Accuracv 
Outwash - hvdric 





% Producers Accuracy 
% Overall Accuracy 
Ground truthed reference data 
Hydric width> 20m 










Ground truthed reference data 














Ground trothed reference data 














Ground trothed reference data 




Outwash Outwash Row total 
hvdric nonhvdric 
16 2 18 
2 8 10 







# correct Commission % Commission % User Accuracy 
10 8 44.4 55.6 
10 0 0.0 100.0 
# correct Commission % Commission % User Accuracy 
13 5 27.8 72.2 
10 0 0.0 100.0 
# correct Commission % Commission % User Accuracy 
15 3 16.7 83.3 
10 0 0.0 100.0 
# correct Commission 0/o Commission % User Accuracy 
16 2 11.1 88.9 
8 2 20.0 80.0 
Till-hydric 





% Producers Accuraey 
% Overall Accuraey 
Till -hydric 





% Producers Accuracy 
% Overall Accuracy 
Till-hvdric 





% Producers Accuraey 
% Overall Accuraey 
Till-hvdric 





% Producers Accuracy 
% Overall Accuracy 
Ground truthed reference data 
Hvdric width> 20111 










Ground truthed reference data 














Ground truthed reference data 














Ground truthed reference data 




Till Till Row total 
hydric nonhydric 
22 12 34 
2 15 17 







# correct Commission % Commission % User Accuracy 
13 21 61.8 38.2 
16 I 5.9 94.1 
# correct Commission % Commission % User Accuracy 
15 19 55.9 44.1 
16 I 5.9 94.1 
# correct Commission 0/o Commission % User Accuracy 
18 16 47.1 52.9 
16 1 5.9 94.1 
# correct Commission % Commission % User Accuracy 
22 12 35.3 64.7 
15 2 11.8 88.2 
Organic/ Alluvial - hvdric 





% Producers Accuracy 
% Overall Accuracy 
Organic/ Alluvial - hydric 





% Producers Accuracv 
% Overall Accuracv 
Organic/ Alluvial - hvdric 





% Producers Accuracy 
% Overall Accuracy 
On,anic/Alluvial - hvdric 





% Producers Accuracv 
% Overall Accuracv 
Ground truthed reference data 
Hydric width> 20m 










Ground trothed reference data 














Ground trothed reference data 














Ground trothed reference data 




Organic/A. Organic/A. Row total 
hvdric nonhvdric 
18 3 21 
0 0 0 







# correct Commission % Commission % User Accuracy 
15 6 28.6 71.4 
0 0 #DIV/0! #DIV/0! 
# correct Commission 0/o Commission % User Accuracy 
17 4 19.0 81.0 
0 0 #DIV/0! #DIV/0! 
# correct Commission % Commission o/o User Accuracy 
17 4 19.0 81.0 
0 0 #DIV/0! #DIV/0! 
# correct Commission ¾ Commission % User Accuracy 
18 3 14.3 85.7 
0 0 #DIV/0! #DIV/0! 
APPENDIXF: 
Error Matrices of hydric soil classification with improved topography (0-3% field slope 
class combined with SSURGO hydric settings are considered in the hydric category while 
all other sites are to be considered nonhydric) in RI SSURGO by hydromorphic and 




















% Producers Accuracv 







% Producers Accuracy 







% Producers Accuracy 







% Producers Accuracv 
% Overall Accuracv 
Ground truthed reference data 
Hvdric width > 20m 









Ground truthed reference data 













Ground truthed reference data 













Ground truthed reference data 




Hvdric Nonhvdric Row total 
39 3 42 
22 30 52 







# correct !Commission I% Commission I% User Accuracv I 
341 81 19.ol 81.0 I 
531 51 8.61 91.41 
# correct I Commission I% Commission I% User Accuracv I 
381 41 9.SI 90.SI 
501 81 13.81 86.21 
# correct !Commission I% Commission I% User Accuracy I 
381 41 9.SI 90.SI 
441 141 24.11 7S.91 
# correct !Commission I% Commission I¾ User Accuracv I 
391 31 7.11 92.91 













Outwash - hvdric 





% Producers Accuracv 
% Overall Accuracv 
Outwash - hydric 





% Producers Accuracv 
% Overall Accuracv 
Outwash - hydric 





% Producers Accuracv 
% Overall Accuracv 
Outwash - hvdric 





% Producers Accuracv 
% Overall Accuracv 
Ground truthed reference data 
Hydric width> 20m 










Ground truthed reference data 














Ground truthed reference data 














Ground truthed reference data 




Outwash Outwash Row total 
hydric nonhydric 
11 I 12 
7 9 16 







# correct Commission % Commission % User Accuracy 
8 4 33.3 66.7 
14 2 12.5 87.5 
# correct Commission % Commission % User Accuracy 
10 2 16.7 83.3 
13 3 18.8 81.3 
# correct Commission % Commission % User Accuracy 
10 2 16.7 83.3 
II 5 31.3 68.8 
# correct Commission % Commission % User Accuracy 
11 l 8.3 91.7 



















% Producers Accuracy 
% Overall Accuracy 
Till -hydric 





% Producers Accuracv 
% Overall Accuracv 
Till-hydric 





% Producers Accuracv 
% Overall Accuracv 
Till-hydric 





% Producers Accuracy 
% Overall Accuracy 
Ground truthed reference data 
Hvdric width> 20m 










Ground truthed reference data 














Ground truthed reference data 














Ground truthed reference data 




Till Till Row total 
hydric nonhydric 
14 1 15 
10 26 36 







# correct Commission % Commission % User Accuracy 
12 3 20.0 80.0 
34 2 5.6 94.4 
# correct Commission % Commission ¾ User Accuracy 
14 1 6.7 93.3 
34 2 5.6 94.4 
# correct Commission % Commission % User Accuracy 
14 1 6.7 93.3 
31 5 13.9 86.1 
# correct Commission ¾ Commission % User Accuracy 
14 1 6.7 93.3 













Organic/ Alluvial - hydric 





% Producers Accuracy 
% Overall Accuracy 
Organic/Alluvial - hyclric 





% Producers Accuracv 
% Overall Accuracv 
Organic/Alluvial -hyclric 





% Producers Accuracv 
% Overall Accuracy 
Omanic/Alluvial - hydric 





% Producers Accuracv 
% Overall Accuracv 
Ground truthed reference data 
Hvdric width> 20111 










Ground truthed reference data 














Ground truthed reference data 














Ground truthed reference data 




Organic/A. Organic/A. Row total 
hvclric nonhyclric 
14 I 15 
5 1 6 







# correct Commission % Commission % User Accuracy 
13 2 13.3 86.7 
5 I 16.7 83.3 
# correct Commission % Commission % User Accuracy 
14 I 6.7 93.3 
3 3 50.0 50.0 
# correct Commission % Commission % User Accuracy 
14 I 6.7 93.3 
2 4 66.7 33.3 
# correct Commission % Commission % User Accuracy 
14 1 6.7 93.3 
I 5 83.3 16.7 
APPENDIXG: 
Box plots of field gathered attribute data vs. groundtruthed hydric widths. 
176 




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Box plots of SSURGO band-width of hydric soil that encompassed both sides of each of 
the I 00 stream cross sections included in this study compared to the measured corridor 
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Assumptions regarding the role of riparian zones in reducing watershed nitrogen flux. 
204 
Annual removal expected from a 100 m long riparian zone with 10 m ofhydric soil 
width: 
Lower estimate: 
Removal rate: 20 µgNkg-1day-1 (This is the mean removal rate found by Nelson et al. 
(1995)). 
Soil mass: Assume 1 m of biologically active, saturated depth. 
1 m deep x 10 m wide x 100 m long = 1000 m3 x 1,650 kg/m3 = 1,650,000 kg of soil 
(Bulk density of 1,650 kg/m3 is that found in Nelson et al., 1995). 
Removal rate= 20 µgNkg-1daf 1 x 1,650,000 kg x 365 days/year x 1 kg/lxl0 9 µg = 12 
kg/year. 
High estimate: 
Removal rate= 40 µgNkg-1day-1 (Addy et al., 1999), assuming 2 m depth of biologically 
active zone then rate= 48 kg/year. 
For example, using groundwater nitrate removal rates observed in hydric soils in 
the study area (Nelson et al., 1995; Addy et al., 1999), a 100 m stream reach with 10 m of 
hydric soils could remove between 12.5-50 kg/N/ha/y in the upper 1-2 m of the. 
groundwater. N loading range from 1.5 to 70 kg/ha for different land uses within the 
Pawcatuck (Gold et al., 1990), so riparian zones could substantially reduce loading. In 
upland areas dominated by moderate density unsewered residential development (i.e., 0.8 
ha/home), N loading is approximately 10 kg/ha N, and riparian zones would cause a 
substantial reduction in groundwater nitrate. In uplands with high density unsewered 
205 
residential or high intensity row crop agriculture, substantially wider widths of hydric 
soils would need to exist for riparian zones to markedly reduce N loading from uplands. 
206 
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